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COMPOSITIONS AND METHODS FOR REGULATING AN IMMUNE RESPONSE IN A 

SUBJECT 



FIELD OF THE INVENTION 

5 

The presoit invention relates to compositions an m^ods for regulating an immune response in a 

subject, particularly a T cell response in a subject. The present invention more specifically discloses 

ef&cient methods of regulating the innate immunity in a subject, such as by regul at in g the activity of 

y5 T cells in a subject. The invention fiirther provides that said methods and compounds may be used 

10 in the treatment of solid tumors and particularly tumors involving metastases. 

« 

BACKGROUND 



Most human peripheral blood y5 T cells cT^ress a y§TCR heterodimer encoded by Vy9A^52 genes, 
1 5 some NK-lineage receptors for MHC class I and almost no CD4 nor CDS. These cells have been 
shown to exhibit strong, non MHC-restricted, cytolytic activity against virus-infected cells (Poccia 
et al (1999), parasite-infected cells (Constant et al (1995)), or tumor cells ^oumie et Bonneville 
(1996)). These cells are also physiologically anq)lified in the context of several unrelated infectious 
diseases such as tuberculosis, malaria, tularemia, colibaciUosis and also by B-cell tumors (for 
20 review see Hayday, 2000), 

Beside their anti-infectious activity, it was shown in short term cytotoxicity assays that Vy9A^52 T 
cells are able to lyse a wide variety of tumor cell lines from veiy diverse origins : lymphoma and 
leukemia from B-cell, T-cell or myeloid lineages (Fisch et al., 1 997; Selin et al., 1 992; Sicard et al., 
25 2001; Sturm et al., 1990; Zheng et al., 2001a), breast carcinoma (Bank et al., 1993), glioblastoma 
(Fujimiya et al., 1997; Yamaguchi et al., 1997), renal cell carcinoma (Choudhaiy et al., 1995; 
Kobayashi et al., 2001; Mitropoulos et al., 1994), nasopharyngeal carcinoma (Zheng et al., 2001b), 
lung adenocarcinoma (Fenrarini et al., 1996). 

30 In microbes, Vy9A^52"*' lymphocytes spontaneously recognize a structurally related set of 

nonpeptide antigens, referred to as natural phosphoantigens and aUcylamines. In B cell tumors, the 
nature of antigens for the y8 T cells remains unidentified. Vy9/VS2 * lyn:q)hocytes are also 
responsive to a variety of virally infected-, activated* or tumoral cell types without prior exposure. 
Again, in these situations, the responsible antigens remain unknown (for review see Fisch, 2000). It 

35 has been shown that, in vitro, Vy9/V82 2^ lymphocytes respond to synthetic drugs such as 
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therapeutic aminobisphosphonates (reviewed in Espinosa, 2001), leading to tiieir in vitro activation. 
Recognition of natural non-pq)tide antigens is mediated by the y5 TCR, throu^ amino acid 
residues located on both Vy9- and V52- CDR3 regions. Although neither processing nor 
presentation by CDl or MHC molecules is involved, Vy9A^52 lymphocyte activation by non- 
5 peptide antigens appears to require cell-to-cell contact (Lang, 1995 ; Morita, 1 995 ; Miyagawa, 
2001 , Rojas, 2002). 

The stimulating bacterial antigens have been shown to be small non peptidic compounds classically 
referred to as phosphoantigens (Behr et al., 1996; Behnant et al., 2000; Constant et al., 1994; 
10 Poquet et al., 1998; Tanaka et al., 1995), owing to the presence of phosphate groups in most 
instances. 

Endogenous metabolites of the mevalonate pathway: IPP 

1 5 Vy9/V52 T cells can also be activated through endogmous metabolites (acting in the micromolar 
range) such as isopentenyl pyrophosphate or IPP (Espinosa et al., 2001b; Tanaka et al., 1995), 
which is produced througji the convffltional mevalonate pathway shared by both microorganisms 
and mammalian cells. Production of IPP in the latter cells can be up-regulated in situations of cell 
stress and transformation. In particular a recent study has reported a correlation between the 

20 endogenous production levels of IPP in tumor cells and their susceptibility to Vy9A^52 T cell- 
mediated lysis (Gober et al,, 2003). 

Compottnds regulating endogenous metabolites: statins and aminobisphosphonates 

25 Also consistent with a direct contribution of eudogmous metabolites of the mevalonate pathway to 
Vy9A^52 T cell recognition, cell treatment with pharmacological agents preventing IPP 
biosynthesis (such as statins) or leading to IPP accumulation (such as aminobisphosphonates, see 
below) lead respectively to dea-eased or enhanced Vy9A^62 T cell stimulating propaties of the 
treated cells (Gober et al., 2003; Kato et al., 2001). 

30 

Aminobisphosphonates are thou^ to inhibit FPP synthase, an enzyme in the mevalonate pathway, 
the inhibition of which causes the accumulation and release of iq>stream isoprenoid lipids such as 
IPP. Aminobisphosphonate conqjounds had been used in human therapy for the treatment of bone 
metastases in cancer patients, and provided a first set of evidence for in vivo expansion of human 
35 Vy9A^52 * lyn?>hocytes induced by phosphoantigen agonists, r^rting in^eases of circulating y5 
T cells within one to three weeks in human adults with multiple myeloma after therapeutic 
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intravenous injection of 60-90 mg of panudronate ^unzmann et al. 1999). However, 
confounds require presentation by antigen presenting ceUs and cannot produce substantial 
stin«3lation of Vy9/V52 T ceU activity as assessed by cytokine secretion in a pure Vy9/V52 T ceU 
culture. Moreover, pamidronate shows very low potency of activation of yS T cells, reported to 
5 achieve at best only 2-fold increase in y5 T cell count (Wilhehn et aL. 2003). 

IBgh specific activity phosphoantigens 

R«enay, s«,«»l highly P«e=. yS T oeU acttv^ing py™ph«ph.«<<««3mmg con,po>mds have 
10 b«idescrib=dwhictdir«»IyacavateY6 Toelta. lip»tic»l».0K«^ 

Lbu«»l.l-yl-dipl«pha«. also rrferred «. aa BrHPP (Broo»HydriB PyroPhoaphato) 
^inongoiBgtamandimoal*^«tos«^.««P«.>itofionofT6 Tcdia«vivo. Ott.«: 
™„^h„^ co^ataing oon^ with sp«ifio aoSvi^ (EC50 in oanomolar or b«« 
15 r^)^ product tough an isoprenoid biosy=fl««c p.ft»«r a» -Kohm^" or "non- 

n«»Iona«" p^hway. whld> U specific » p«- and ed^ nJaoorganisms (Feurie « al, 2002. 
Joma. et al (2003); Jonm « al., 1999a; Jomaa et aL. 1999h; Rotancr et aL. 1993). 

I„c««ast to an>inobisphosphonat«, and serins di«>u<».d above. M^tspecfflcacti^^ 
20 phosphoanag«.con^s„Aas««con^offbr=nUaItcfonntaaXVna.ecapabteof 

.egdating V^/V52 T cd aodvlty in a populadon of Vt9/V62 T ceU clones in eoUure a. nnlhmolar 
e„,^™s. where re^onisassessodb,n^«ingoy«.anesecr«io^Whae,hep^ 

n«x.cofrecogai.ionofphosphoand.ens,en«dn.»nclear.adi»ctcontt.^ua»^ 

to phospho.n.igen.nedia..d»:.iv.tion hashes, demonstrated by gene .m^tere^^ 

25 (Bnkowsld c. al.. 1995). Aceordin^y ^ ^ cystaUographle andj^ts of 

V,9/V62 TCR are oonpaflble with cognate irteractions betwem phosphoantigens and ,5 TCR. 
0^ electrostatic int«»«ion, beWeen the .»gatively charged phosphate residues on the ^ 
side with sev^al posMvel, charged «nino^ on the TCR side (Allison « aL. 2001). 



30 



M«*o<fa oftreameni invoMng «fe»«i.«.<io" o/vS TceU ««ivari»g co»!po»«fc 



Despite the foregoing, studies of phos0»«»igens mduding the synthesis and in vitro .«tn« of 
ftoM a variety of gro,^ of con,»nnds indicate structures ptovidtag hi^i t5 T cdl 
a^ivation. in particular compounds according to fonnula I described her«n. However. ^ methods 
35 or treatmea r^pmen. have b.«. proposed for the use of phosphoantigens with hilJ. spec^ 
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activity in vivo. Accordingly, no methods or treatment regimens have been proposed for strategies 
involving an in vivo stimulation sufiBcient to generate a large increase in y5 T cell activity. 



In one aspect, research into treatment regimens based on y5 T cell activating compoimds has been 
han^CTed by the lack of suitable in vivo models. Evidence for a general immune surveillance 
function of the innate immune system has been provided by various in vivo models: mice deficient 
in innate effector cells such as NK cells, MKT cells or yS T cells show a significantly increased 
incidence of tumors (Girardi et al., 2001; Kim et al., 2000; Smyth et al., 2000). However, such 
results can only be transposed to the human situation with caution, as these cell populations are 
somewhat different in hu m ans as conapared to mice. In particular, the human Vy9/V&2 cell 
population for example does not have a formal equivalent in rodents. 



In view of the foregoing, although several con:q)ounds have been shown to have in vitro activity, 
their in vivo activity and more generally the in vivo kinetics of y5 T cells in response to 
stimulation had not been explored. Accordingly, efficient methods are needed to selectively 
activate y5 T cells in vivo, in a subject, under conditions suitable for therapy. 



Furthermore, no therapeutic strategy involving stimulating a manifold increase of circulating y5 T 
cells in vivo had been developed for the treatment of tumors, and in particular for solid tumors, 

20 especially those with metastases. The safety and efficacy of treatments for tumors can be altered 
by a variety of &ctors, and treatments can be affected by tumor growth kinetics, drug resistance of 
tumor cells, total-body tumor cell burden, toxic effects of therapy on cells and tissues other than the 
tumor, and distribution of th^^eutic agents within the tissues of the patient The greater the size 
of the primary tumor, the greater the probability that a large number of cells (drug resistant and 

25 drug s^itive) have metastasized before diagnosis and that the patient will relapse. Solid tumors 
and carcinomas account for more than 90% of all canc^ inman, and although the use of 
monoclonal antibodies and immunotoxins has been investigated in the therapy of lymphomas and 
leukemias, many such agents have been disappointingly ineffective in clinical trials against 
carcinomas and other solid tumors. One possible reason for the ineffectiveness of effector-cell- 

30 based treatments is that cells are not readily transported into solid tumors. Alternatively, even once 
within a tumor mass, these cells may fail to distribute evenly due to the presence of tight junctions 
between tumor cells, fibrous stroma, interstitial pressure gradients and binding site barriers. 



35 
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SUMMARY OF THE INVENTION 

The present invention now discloses particular compositions and methods that can be used to 
efficiently regulate the activity of y5 T cells, particularly the activation and proliferation of y5 T 
5 cells, in vivo in a subject. These compositions and methods are particularly suited for immuno- 
therapy in a subject, particularly in a subject having a tumor and more particularly a subject having 
a solid tumor. Nevertheless, the invention may also be useful for therapy of a subject suffering 
from other diseases, particularly an infectious disease. 

1 0 The conq)ositions and methods provided herein by the inventors are based on a series of results. In 
one aq)ect, a therapeutic strategy using autologous y5 T cells activated ex-vivo by a higji specific 
activity pyrophosphate compound shows indications of anti-tumor activity in human patients in an 
ongoing clinical study using ex-vivo stimulated y5 T cells for the treatment of metastatic renal cell 
carcinoma. In another aspect, the compositions and methods according to the invmtion are based 

15 on a series of finHmgg resulting from the first known experimrats in animals involving regulating 
the activity of y5 T cells, including both in vivo increase of the biological activity of y5 T cells as 
well as manifold expansion of the y5 T cell population- Furthermore, in a novel Nod-Scid murine 
model adapted for the assessment of y5 T cell activation and yS T cell mediated anti-tumor activity, 
it has been found that high potency y5 T cell activating compounds administered to the anim a l can 

20 regulate y5 T cell activity in vivo, that y5 T cells can infiltrate solid tumors, and moreover that such 
treatment is effective in decreasing Ae mass of solid tumors, and more particularly metastatic 
tumors. The anti-tumoral effect of y5 T cell activator-stimulate y5 T cells was also observed toward 
fi^ cells in culture obtained firam human patients having metastatic solid tumors, but was not 
observed towards non-tumoral cells from the same patiCTts. Based on such discoveries, the 

25 inventors have devised therapies for soUd tumtors using coii5)ounds capable of regulating the 
activity of y5 T cells. 

hi further experimrats, in vivo kinetics of high specific activity y5 T cell activators was 



r 


mm 
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30 of a wide range of appHcations for which modulating of the immune response is desired, including 
for the treatment or prevoition of infection, autoimmune disorders, tumors. More specifically, the 
elucidation of in vivo yS T cell kinetics resulted in the following findings, among others: 
(a) that the activity ofySTceUs may be regulated repeatedly, including activati^ 
demonstrated by cytokine release and e^qpansion of the cell population, using a yS T 
35 cell activator, depending on tiie administration regimen, and that certain intervals of 

drug administration provide for optimal re-stimulation of y5 T cell activity; 
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(b) that addition of a cytokine in an administration regimen, particularly IL-2, and more 
particularly certain doses of IL-2 provide in:proved in vivo expansion of y5 T cells 

(c) methods for translating in vitro activity to in vivo dosage regimens for y5 T cell 
activator capable of increasing y5 T cell activity; 

5 (d) specific dosage and administration regimens allowing the increase of y6 T cell activity 

using y5 T cell activators. 



In one aspect, the invention discloses a method for treating a tumor, said method comprising the 
step of administering, in at least one treatment, a therapeutically effective amount of a y6 T cell 
1 0 activator, together with a pharmaceutically acceptable carrier, to a warm-blooded animal in need of 
such treatment. In a particularly preferred aspect, provided is a method for treating a solid tumor, 
said method comprising the step of adrainistCTing, in at least one treatment, a therapeutically 
effective amount of a yS T cell activator, togeih^ with a pharmaceutically acceptable carrier, to a 
warm-blooded animal in need of such treatment. Also provided is a method for treating a solid 

1 5 tumor, said method comprising the step of administOTng, in at least one treatm&ot, a therapeutically 
effective amount of a y5 T cell activator, together with a pharmaceutically acceptable carrier, to a 
warm-blooded animal having a solid tumor with metastases in need of such treatmenL Said 
methods of treating a tumor can be carried out in any sidtable fashion. Preferably said methods 
comprise the step of contacting a yS T cell in a warm-blooded am'Tnal having a solid tumor, with a 

20 therapeutically effective amoxmt of a y5 T cell activator, or optionally said methods comprise the 
step of providing in the bloodstream of a warm-blooded animal having a solid tumor a 
therapeutically effective amount of a y5 T cell activator. In a particular embodim^it, said tumor is a 
soUd tumor with metastases. Alternatively, said tumor is a haematological tumor, preferably a 
lymphoma. Optionally, said tumor is a metastatic tumor. Preferably, said tumor is selected from the 

25 group consisting of lung, colorectal, prostate, breast or epidemioid head or neck tumors. In a 

preferred aspect of the invaition, said tumor is a renal cancer, preferably a metastatic renal cancer. 
Alternatively, said tumor is selected from the group consisting of a melanoma, ovarian cancer, 
pancreas cancer, neuroblastoma, head or neck cancer, bladder cancor, renal cancer, brain cancer 
and gastric cancesr. Preferably, said method con5)rises at least two treatments. Preferably, said yS T 

3 0 cell activator is administered with an interval of about two weeks to about eight weeks between 

treatments, more prefraably with an interval of about three to about four wedcs between treatments. 
Optionally, at least three, four or six treatm^its are administered to said animal. Preferably, the 
biological activity of y5 T cells are increased in said waim-blooded animal. Preferably, the number 
of circulating y5 T cells are increased in said warm-blooded animal. In a particular embodiment, 

3 5 the amount of said y5 T cell activator is sufficient to expand the y5 T cell population in a subject to 
reach at least 30%, 40%, 50% or 60%, or between 30-90% of total circulatmg lynq)hocytes. In an 
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other particular embodiment, the amount of said y6 T ceU activator is sufficient to induce an at least 
10-fold inraease in the yS T cell population in a subject. Preferably, said yS T cell population is 
assessed between day 4 and day 8 foUowing administration of said y6 T ceU activator, more 
preferably at day 5, 6 or 7 foUowing administration of said y5 T ceU activator. Preferably, said y5 T 
cell population is assessed by flow cytometry. Preferably, said yd T cells are Vy9A^62 T cells. 
Optionally, said y5 T cell activator is administered by intravenous infusion, preferably said infiision 
takes place during about 5 to about 120 min, more prrferably during about 5 to about 30 min. hx 
further preferred aspects, the melbods may con^rise ftirther administering a cytokine, preferably 
TL-2. 

In anotha- aspect, disclosed is a meihod treating a tumor disease in a warm-blooded animal, said 
method comprising administering, in more than one treatment, a therai)eutically effective amount 
of a yS T cell activator, together with a pharmaceutically acceptable carrier, to a warm-blooded 
animal in need of such treatment, wherdn the y5 T ceU activator is administered in more than one 
treatmCTt witibi an interval of about two wedcs to about ei^t weeks between treatments. 
Also disclosed is a method for stimulating a y5 T cell in a warm-blooded animal, said method 
conq)rising: (a) contacting a y5 T cell in a warm-blooded animal with a ther^>eutically efifective 
amount of a yS T cell activator, and (b) repeating step (a) at least once wifliin about two weeks to 
about ei^ weeks after said contacting in step (a). Also disclosed is a method for stimulating a y5 
T ceU in a warm-blooded animal, said method con5)rising: (a) providing in the bloodstream of a 
warm-blooded animal a therapeutically effective amount of a y5 T ceU activator, and (b) repeating 
step (a) at least once widiin about two weeks to about ei^t weeks a&ex said contacting in step (a). 
Optionally, st^ (b) is said methods noay comprise repeating step (a) at least twice, at least three 
times, at least four times or at least six times. 

The inventors also disclose a method for treating a solid tumor, said method comprising the step of 
contacting a yS T ceU in a warm-blooded animal having a solid tumor with a yS T cell activator in 
an amount sufficient to expand the y5 T cell population in a subject to reach at least 30%, 40%, 
50% or 60%, or between 30-90%, of total circulating lynq)hocytes. Also provided is method for 
treating a soUd tumor, said method con^jrising the step of providing in the bloodstream of a warm- 
blooded animal having a soUd tumor a y6 T cell activator in an amount sufficirail to «q>and the y5 
T ceU population in a subject to reach at least 30%, 40%. 50% or 60%, or between 30-90%, of 
total <arculating lynqjhocytes. Preferably the y5 T cell population is assessed between day 4 and 
day 8, most preferably at about day 5, day 6 or day 7, following administration of the a yS T ceU 
activator. 
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One aspect of the invration is to increase the yS T cell populatioa The invention encompasses a 
method for treating a solid tumor, said method comprising the step of contacting a y5 T cell in a 
wami-blooded animal having a solid tumor with a y6 T cell activator in an amount sufiBcient to 
induce an at least 10-fold increase in the y6 T cell population in a subject. Also encompassed is a 
method for treating a solid tumor, said method comprising the step of providing in the bloodstream 
of a warm-blooded animal having a solid tumor a y6 T cell activator in an amount sufficient to 
induce an at least 10-fold increase in the y5 T cell population in a subject compai^d to the level 
prior to treatment. PrefCTably the y5 T cell population is assessed between day 4 and day 8, most 
preferably at about day 5, day 6 or day 7, following administratibn of the a y5 T cell activator. 
Preferably the yS T cell population is assessed by flow c^ometry. 

Also enconqjassed by the invention is the use of an y5T activator for the manufacture of a 
pharmaceutical preparation for the treatment of a tumor, con^sing admixing said y5T activator 
with a phannaceutically acc^table carrier, said pharmaceutical prqiaration being administering to 
said subject. Preferably, said tumor is a solid tumor. In a particular embodiment, said tumor is a 
solid tumor with metastases. Alternatively, said tumor is a haematological tumor, pref^ably a 
lymphoma. Optionally, said tumor is a metastatic tumor. Preferably, said tumor is selected fix)m the 
group consisting of lung, colorectal, prostate, breast or epidermoid head or neck tumors. In a 
prefeared aspect of the invention, said tumor is a renal canco:, preferably a metastatic renal cancer. 
Alternatively, said tumor is selected from the group consisting of a melanoma, ovarian cancer, 
pancreas cancer, neuroblastoma, head or neck cancer, bladder cancer, renal cancer, brain cancer 
and gastric cancer. Preferably, said pharmaceutical prq[>aration is administered at least twice, more 
preforably with an interval of about two weeks to about eight weeks between treatments, still more 
preferably with an intCTval of about three to about four weeks between treatments. Optionally, said 
pharmaceutical preparation is administered is administered at least three, four or six times. 
Preferably, said pharmaceutical prqparation increases the biological activity of y5 T cells in said 
subject. Preferably, said pharmaceutical preparation increases the number of circulating yS T cells 
in said subject In a particular embodiment, the amount of said yS T cell activator is sufficient to 
expand the y5 T cell population in a subject to reach between 30-90% of total drculating 
lymphocytes. In an other particular embodiment, the amount of said yS T cell activator is sufficient 
to induce an at least 10-fold increase in the y5 T cell population in a subject. Preferably, said y5 T 
cell population is assessed betwem day 4 and day 8 following admioistration of said y5 T cell 
activator, more preferably at day 7 following administration of said y5 T cell activator. Preferably, 
said yS T cell population is assessed by flow cytometry. Preferably, said y5 T cells are Vy9A^62 T 
cells. Optionally, said pharmaceutical preparation is administered by intravenous infusion. 
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preferably said infusion takes place during about 5 to about 120 min, more preferably during about 
5 to about 30 min. In further preferred aspects, the methods may comprise further administering a 
cytokine^ preferably TL-l. 

In one aspect of the methods of the invention, a y5 T cell activator is administered in the absence of 
adnunistration of a cytokine. In other aspects the methods if the invention comprise the use of a 
yS T cell activator and an interleukia-2 polyp^tide, for the manufacture of a pharmaceutical 
con^osition for regulatmg the activity of yS T cells in a mammalian subject, the y5 T cell activator 
and interleukin-2 polypq>tide being administered separately to the subject 

In preferred aspects of the any of the methods described herein, at least two, three, four or six 
treatments are administered to said animaL In preferred aspects of any of the methods described 
herein, the yS T cell activator is administered in more than one treatment with an interval of about 
two to about eight weeks between treatments, or yet more preferably about three to about four 
weeks between treatments. 

Li any of the method described ho-ein, the warm- blooded animal in the present methods may be a 
rodent or a non-human primate. In prefared aspects, the warm blooded animal in the present 
methods is a human. 

In preferred aspects of any of the aspects of the preset invention, the methods result in an increase 
in the biological activity of yS T cells said warm-blooded animal or said subject, or an increase in 
the number of circulating y5 T cells in said warm-blooded animal or said subject Preferably, the 
y5 T cells referred to in the methods of the invention are Vy9A^52 T cells. 

As described in the examples, the methods of the invention may be used for the treatment of a soUd 
tumor as well as a solid tumor with metastases. In other aspects, the methods of the invention may 
be used in the treatment of a haematological tumor. Preferably the y5 T activator is administered to 
a human in need of such treatment in a dose that is appropriate for the treatment of said disease. 
However, preferred and particularly effective doses are further provided herem. Optionally, in any 
of the methods described herein, a y5T activator is administered in a dose that is greater than the 
EC50 human dose; and one or more further doses each greater than the EC50 human dose are 
administCTed in at least one additional treatment s&er an interval between the treatments of two to 
eigjht weeks. 
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In any of the methods provided herein, the invention provides further administering a cytokine. Li 
preferred aspects of any of the methods described herein, the cytokine is IL-2. Preferably, the 
iaterleukin-2 polypeptide is administered at low doses. In ftuiher aspects of any of the methods of 
the invention, the cytokine, and most preferably an interleiikin-2 polypeptide, is admiaistered over 
5 a period of time con^rised between 1 and 10 days. Preferably, the interleukin-'2 polypeptide is 
administered at a daily dose con^rised between 0.2 and 2 MU per day, even more preferably 
between 0.2 and 1 .5 MU, further preferably between 0.2 and 1 MU. The daily dose of cytokme, 
pref^bly an interIeukin-2 polypeptide, is administered as a single injection or in two iojections. 
Preferably the y§ T cell activator is administered as a single dose at the beginning of the treatment. 

10 

In preferred aspects, provided is a method for stimulating a y5 T cell in a subject, or a method of 
treating a cancer, an infectious disease, an autoimmime disease or an allergic disease in a subject, 
conrprising: separately administering to a subject in need thereof an effective amount of a y5T 
activator and a cytokine, preferably an iaterleukin-2 polypeptide, over a period of time comprised 

15 between 1 and 10 days. Preferably the y5 T cell activator is administCTed as a single dose at the 

beginning of the treatment. Preferably the y5 T cell activator is administered as a single dose at the 
beginning of the treatment and the cytokine, preferably IL-2, is administered on at least two, three, 
four or five days within the ten day period following administration of the y5 T cell activator. The 
invention also encompasses a product comprising a y5 T cell activator and an interleukin-2 

20 polypeptide, for sq)arate use, for regulating the activity of y5 T cells in a mammalian subject 

The invention further concerns the use of a yS T cell activator and an interleukin-2 polypeptide, for 
the manufacture of a pharmaceutical composition for regulating the activity of yS T cells in a 
mammalian subject, the y5 T cell activator and interleukin-2 polypeptide being administered 

25 separately to the subject. Preferably, said y5T activator is a synth^c y5T activator. Preferably, said 
interleukin-^2 polypeptide is administered at low doses. Preferably, said interleukin-2 polypeptide is 
administered over a period of time comprised between 1 and 10 days. More preferably, said 
interleukin-2 polypeptide is administered at a daily dose comprised between 0.2 and 2 MU per day, 
even more preferably b^een 0.2 and 1.5 MU, further preferably between 0.2 and 1 MU. 

30 Optionally, said daily dose of interleukin-2 polypeptide is administered as a single injection or in 
two injections. Pref^bly, said yS T cell activator is administered as a sin^e dose at the beginning 
of the treatment Optionally, said y5 T cell activator is a ligand of the T receptor of yS T 
lyn^hocyt^. Preferably, said yS T cell activator is administered at least twice, more preferably 
with an interval of about two weeks to about eight weeks between treatments, still more pref^:ably 

35 with an interval of about three to about four weeks betwe^ treatments. Optionally, said yS T cell 
activator is administered is admmistered at least three, foxir or six times.. Preferably, said . . . 
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pharmaceutic composition increases the biological activity of yS T cells in said subject. Preferably, 
said pharmaceutic preparation increases the number of circulating yS T cells in said subject 
Preferably, said yS T cell activator is administered in an amount sufGcient to expand the yS T cell 
population in a subject to reach between 30-90% of total circulating lymphocytes. Optionally, said 
S y5 T cell activator is administered in an amount sufGcient to induce an at least 10-fold increase in 
the yS T cell population in a subject Preferably, said y5 T cells are Vy9A^52 T cells. Optionally, 
said y5 T cell activator is administered by intravenous infusion, preferably said infusion takes place 
during about S to about 120 min, more preferably during about 5 to about 30 min. Optionally, said 
subject is a human subject having a cancer, an infectious disease, an auto-immune disease or an 

1 0 allergic disease. In a particular embodiment, said pharmaceutical coroposition is used for treating 
cancer in a subject Preferably, said cancer is a solid tumor. In a particular embodiment, said cancer 
is a solid tumor with metastases. Alternatively, said cancGr is a haematological tumor, preferably a 
lymphoma. Optionally, said cancer is a metastatic tumor. Preferably, said cancer is selected from 
the group consisting of lung, colorectal, prostate, breast or epidermoid head or neck tumors. In a 

1 5 preferred aspect of the invention, said cancer is a renal cancer, preferably a metastatic renal cancer. 
Alternatively, said cancer is selected &om the group consisting of a melanoma, ovarian cancer, 
pancreas cancer, neuroblastoma, head or neck cancer, bladder cancer, renal cancer, brain cancer 
and gastric cancer. In an other particular embodiment, said pharmaceutical composition is used for 
treating an infectious disease in a subject. In a further particular embodiment, said pharmaceutical 

20 composition is used for treating an autoimmune disease in a subject. In an additional particular 

embodiment, said pharmaceuticed composition is used for treating a disease caused by or associated 
with pathological cells sensitive to lysis by yST cells in a subject. 

The invention concerns a method of treating a cancer, an infectious disease, an autoimmune disease 
25 or an allergic disease in a subject, comprising separately administering to a subject in need thereof 
an effective amount of a y5T activator and an interlexjkin-2 polypeptide. Preferably, said yST 
activator is a synthetic y5T activator. Preferably, said interleukin-2 polypeptide is administered at 
low doses. Preferably, said interleukin-2 polypeptide is administered over a period of time 
comprised between 1 and 10 days. More preferably, said interleukin-2 polypeptide is administered 
30 at a daily dose comprised between 0.2 and 2 MU per day, even more preferably between 0.2 and 
1 .5 MU, finth^ preferably between 0.2 and 1 MU. Optionally, said daily dose of interleukin-2 
polypeptide is administered as a single injection or in two injections. Prefembly, said y5 T ceU 
activator is administered as a single dose at the beginning of the treatment Optionally, said y5 T 
cell activator is a ligand of the T receptor of yS T lymphocytes. In a particular embodiment, said 
35 y5 T cell activator is a PED or PHD compoimd and is administered as a single iiijection at a dose 
comprised betwe^ 10 and SO mg/kg, at the beginning of the treatment, and wherein said 
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interleukin<-2 polypeptide is admimst^ed at a daily dose comprised between 0.2 and 2 MU per day 
over a period of time con^rised between 1 and 10 days. Preferably, said yS T cell activator is 
administered at least twice, more preferably with an interval of about two weeks to about eight 
weeks between treatments, still more preferably with an interval of about three to about four weeks 
5 between treatments. Optionally, said y5 T cell activator is administered is administered at least 

three, four or six times. Preferably, said pharmaceutic composition increases the biological activity 
of y5 T cells in said subject. Preferably, said pharmaceutic preparation increases the number of 
circulating yS T cells in said subject. Preferably, said y5 T cell activator is administered in an 
amount sufficient to expand the y5 T cell population in a subject to reach between 30-90% of total 

1 0 circulating lynq)hocytes. Optionally, said yS T cell activator is administered in an amount siifGcient 
to induce an at least 10-fold increase in the yS T cell population in a subject. Preferably, said y5 T 
cells are Vy9A^62 T cells. Optionally, said y6 T cell activator is administered by intravenous 
infusion, preferably said infusion takes place during about 5 to about 120 min, more pref^ably 
during about 5 to about 30 min. Preferably, said meHiod is a method of treating a cancer. 

15 Preferably, said cancer is a solid tumor. In a particular embodiment, said cancer is a solid tumor 
with metastases. Alternatively, said cancer is a haCToatological tumor, pre£^:ably a lynq>homa. 
Optionally, said cancer is a metastatic tumor. Preferably, said cancer is selected &om the group 
consisting of lung, colorectal, prostate, breast or epidermoid head or neck tumors. In a preferred 
aspect of the invoatioii^ said cancer is a renal cancer, preferably a metastatic renal cancer. 

20 Alternatively, said cancer is selected firom the group consisting of a melanoma, ovarian cancer, 
pancreas cancer, neuroblastoma, head or neck cancer, bladder cancer, renal cancer, brain cancer 
and gastric cancer. 

A numb^ of suitable y5 T cell activators are provided h^ein that can be used in accordance with 
25 any of the methods described herein. Preferably a yS T cell activator is a compound capable of 
regulating the activity ofy or pref^ably of inducing the proliferation of a y5 T cell in a pure 
poptdation of y5 T cell clones, preferably Vy9/V52 T cells. More preferably, the y5 T cell activator 
is a compoxmd capable of regulating the activity of a y5 T cell in a population of yS T cell 
clones when the yS T cell activator is present in culture at a concentration of less than 100 mM, less 
30 than 10 mM or most preferably less than 1 mM. Further preferred yS T cell activators are desoibed 
in detail herein. 

Particularly preferred y5 T cell activators con^rise a conq>osition comprising a compound of 
formiila (II): 

35 
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20 



C 
H, 



— (CH2)n— A-|-P— B- 



m I 

R1 b-Cat+ 0-Cat+ 



(H) 

in which X is an halogen (preferably selected from I, Br and CI), B is O or NH, m is an integer 
from 1 to 3, Rl is a methyl or ethyl group, Cat+ represmts one (or several, identical or differeait) 
organic or mineral cation(s) (including the proton), and n is an integer from 2 to 20, A is O, NH, 
5 CHF, CF2 or CH2, and Y is 0'Cat+, a nucleoside, or a radical -A-R, wherein R is selected from the 
group of 1), 2) or 3). Preferably, Y is 0"Cat+, or a nucleoside. More preferably, Y is 0'Cat+. 
Preferably, Rl is a methyl; Preferably, A is O or CH2. More preferably, A is O. Preferably, n is 2. 
Pref^bly, X is a bromide. Preferably, B is O. Preferably, m is 1 or 2. More preferably, m is 1. 
Preferably such a compound is administered in a dose to humans that is between about 10 mg/kg 

1 0 and about 1 00 mg/kg, preferably between about 5 mg/kg and about 60 mg/kg, togeth^ with a 

phaimaceutically acceptable carrier. In other preferred aspects such compound is administered in 
two or more treatments; preferably the compound is administered in a dose to humans that is 
calculated according to the fomiula (A) single dose (mg/kg)=( 1 0 to y) * N (A) where N is the 
numb^ of weeks between treatments and y is 100; more preferably in a dose to humans that is 

1 5 calculated according to the fomiula B single dose (mgfkgy==(S to 60) * N (B); or preferably in a 
dose of about 20 mg/kg. Yet more preferably, said yST activator is administered by intravenous 
infiision in a dose to humans that is calculated according to the formxjla (C) single dose 
(mg/kg)=(10 to 100) * N (C) where N is the number of weeks between treatments such that N is 
hdtWGca about 3 and about 4. 



Other particularly preferred y5 T cell activators include a composition comprising a con:?)ound of 

V 

foimula (Xn): 

■ r n II 



:W C A-[-lj»— B 

R6^ 



P 



p^4 6-Cat+ 0-Cat+ 



(XII) 

in which R3, R4, and R5 , identical or difforent, are a hydrogen or (Ci-C3)al]qrl gmxsp, W is -CH- or 
25 -N-, Re is an (Ci-C3)acyl, an aldehyde, an (Ci-C3)alcohol, or an (C2-C3)ester, Cat+ represents one 
(or several, identical or different) organic or mineral cation(s) (including the proton), B is O or NH, 
m is an integer team 1 to 3, Ais O, NH, CHF, CF2 or CH2, and Y is O C:at+, a nucleoside, or a 
radical -A-R, wherein R is selected fixan the groiq) of 1), 2) or 3). Preferably, Y is 0*Cat+, or a 
nucleoside. More preferably, Y is O Cat+. Preferably, A is O or CH2. More preferably, A is O. 
30 More preferably, R3 and R5 are a methyl and R4 is a hydrograi. More preferably, R< is -CH2-OH, - 
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CHO, -CO-CH3 or -CO-OCH3. Preferably, B is O. Preferably, m is 1 or 2. More preferably, m is L 
Optionally, the double-bond between W and C is in conformation trans (E) or cis (Z). More 
preferably, the double-bond between W and C is in conformation trans (E). Preferably such a 
compoimd is administered in a dose to humans that is between about 10 [ig/kg to 20 mg/kg, more 
5 preferably between 10 ng/kg to 5 noig/kg or yet more preferably between 10 jig/kg to 1 mg/kg, 
togethCT with a pharmaceutically acceptable carrier. In other preferred aspects such conapound is 
administered in two or more treatments; preferably the compound is administered in a dose to 
humans that is calculated according to the formula (A) single dose (mg/kg>=(0,001 to y) * N (A) 
where N is the number of weeks between treatments and y is 100; preferably in a dose to humans 

10 that is calculated according to the formula B single dose (mg/kg)=(0.01 to 20) * N (B); preferably 
in in a dose to humans that is calculated according to the formula C single dose (mg/kg)=(0.01 to 5) 
* N (C); preferably in a dose to humans that is calculated according to the formula D single dose 
(mg/kg)=(0.02 to 5) * N (D); or preferably in a dose of about 0.5 mg/kg. Most preferably said yST 
activator is administered by intravenous infusion in a dose to humans that is calculated according to 

15 the formula (E) single dose (mg/kg)=(0.01 to 20) * N (E) where N is the number of weeks between 
treatments such that N is between about 3 and about 4. 

In preferred aspects of any of the methods described herein, the yST activator is a synthetic yST 
activator. 

20 

In other preferred aspects of any of the methods described herein, the y§ T cell activator is selected 

from phosphohalohydrin (PHD) compounds, phosphoepoxyde (PED) con:]pounds, and alkylamines. 

More preferably, the y5 T cell activator is selected from the following compounds: 

3-(bromomethyl)-3-butanol-l-yl-diphosphate (BrHPP) 
25 3-(iodomethyl)-3-'butanoH -yl-diphosphate (IHPP) 

3-(chloromethyl)-3-butanoH-yl-diphosphate (CIHPP) 

3-(bromomethyl)-3-butanol-l-yl-triphosphate (BrHPPP) 

3-(iodomethyl)-3-butanoH-yl-triphosphate (IHPPP) 

<x,y-di-[3-(bromomethyl)-3-butanoH-yl]-triphosphate (diBrHTP) 
30 a,y-di-[3-(iodomethyl)-3-butanol-l-yl]-triphosphate (diETTP) 

3,4,-epoxy-3-methyl-l-butyl-diphosphate (Epox-PP) 

3,4,-epoxy-3-me1hyH-butyl-triphosphate (Epox-PPP) 

a,y-di-3,4,-^oxy-3-methyl-l-butyl-triphosphate (di-Epox-TP) 

In other aspects, the y5 T cell activator is a PED or PHD con5)Ound and is administ«*ed as a single 
35 injection at a dose comprised between 10 and 50 mg/kg, at the beginning of the treatment, and 
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wherein the interlex3kiii-2 polypeptide is administered at a daily dose comprised between 0.2 and 2 
MU per day over a period of time comprised between 1 and 10 days. 

In further aspects, the invention provides a method for stimulating a y5 T cell in a v/arm-blooded 
5 animal, said method conq)rising administering, in more than one treatment, a composition 

comprising a compoxmd of formula XII, together with a pharmaceutically acceptable carrier, to a 
warm-blooded animal, wherein the y5 T cell activator is administered in more than one treatment 
with an interval of about two weeks to about eight weeks between treatinents- 

10 In fiirth^ aspects, the invention provides a method for stimulating a yS T cell in a waim-blooded 
animal, said method con^)rising administering, in more than one treatment, a con^osition 
comprising a compound of formula n, together with a pharmaceutically acceptable card^, to a 
warm-blooded animal, wherein the yS T cell activator is administered in more than one treatment 
with an interval of about two weeks to about eight weeks between treatments. 

15 

In another aspect of the invention, disclosed is a method for stimulating a y5 T cell in a human 
subject, said method comprising administering a composition comprising a HDMAPP compound in 
a dose that is between about 10 |uig/kg and about 2.5 mg/kg, together with a pharmaceutically 
acceptable carrier, to the subject. In further aspects, the invention provides a method for stimulating 
20 a yS T cell in a human subject, said method comprising administering a con:q)osition con^rising a 
CHDMAPP compound in a dose that is betweoi about 10 |i.g/kg and about 2.5 mg/kg, together 
with a pharmaceutically acceptable carrier, to the subject. 

In further aspects, the invention provides a method for stimulating a y5 T cell in a human subject, 
25 said method comprising administering a composition comprising a CBrHPP compound in a dose 
that is between about 5 mg/kg and about 60 mg/kg, together with a pharmaceutically acceptable 
carrier, to the subject. 

« 

The preset invCTtion also provides method for administering a yS T cell activator to a subject 
30 Thus, in any methods of the invention, said methods may comprise administering the y5 T cell 
activator by intravenous infusion. Preferably, each infusion takes place during about 5 to about 
120 mm, or more preferably during about 5 to about 30 min. Most preferably, only a single such 
infusion (also referred to as single shot) of the yS T cell activator takes place on any given day (e.g. 
within a period of less than 24 hours). Preferably only a siagle infiision takes place in an 
35 administration of a y5 T cell activator, that is, per treatment cycle. 



PCT/IB03/06375 



16 

In one particularly preferred aspect, the invention relates to a method of regulating y5 T cells in a 
human subject, the method comprising: administering, preferably by intravenously infusing, a 
conqjosition comprising a compound of formula Xn into said subject a dose of between 10 fig/kg 
to 20 mg/kg, more preferably between 10 ^tg/kg to 5 mg/kg or yet more preferably between 1 0 
5 pg/kg to 1 mg/kg, of said con:q>ound per kilogram of the subject's weigjit, preferably in a single 
administration (single shot), and preferably when by infusion within a period of less than 24 hours. 
In one particularly preferred aspect, the invention relates to a method of regulating Vy9/Vo2 T 
cells in a human subject, the method comprising: administering, preferably by intravenously 
infusing, a coniposition comprising a HDMAPP or CHDMAPP confound (of formula XV and 
10 XVI respectively) into said subject a dose of between 10 fig/kg to 20 mg/1^, more preferably 
between 10 (xg/kgto 5 mg/l^ or yet more preferably between 10 jig/kg to 1 mg/kg, of said 
compound per kilogram of the subject's weight, preferably in a single adnunistration (single shot), 
and preferably when by infusion within a period of less than 24 hours. 

IS In yet further aspects, the invention provides a pharmaceutical composition containing a 
therapeutically effective amount of CHDMAPP as an active ingredient, together with a 
pharmaceutically acceptable carrier. Also provided is a pharmaceutical conq>osition containing a 
therapeutically effective aanount of CBrHPP as an active ingredient, together with a 
pharmaceutically acceptable cani^. 

20 

DESCRIPTION OF THE DRAWINGS 

Figure 1 

25 Successive intravenous injections of increasing doses of BrHPP do not smtain yS cell amplification 
iu the periphery of M. fescicularis. Two animals received successively 1, 4, 16 and 32mg/kg 
BrHPP daily and their PBMCs were monitored by flow cytometry. Total blood was stained with 
anti-delta2-FirC and anti-CD3-PE antibodies until 20 days after BrHPP administration. 

30 Figure 2 

A- BrHPP and IL2 co-administration induces reproducible yS cell increase in ALfasdcularis. 
Two animals received 20mg/kg BrHPP ("1 dose'O and two others received Amg/kg BrHPP daily 
during 5 days ("split doses")- All of them were co-injected with 0.9 million UI IL2 pa- day for 5 
days. The four BrHPP/IL2 co-treated flnimalg showed an increase in peripheral yS cells, with a peak 
35 at day 7. As a control, a fifth animal was treated with IL2 alone and exhibited no change in its 
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peripheral y5 rate. A BrHPP/IL2 co-administratioii to this flnima^ at day 14 demonstrated it was 
able to answer with the same increase in y5 rate 7 days after. 

B- Flow cytometry analyses of total blood of ALfascicularis at day 7 after administration. 

These graphs rqjresent the anti-delta2-FITC/anti-CD3-PE staining on total blood of the animals 
5 treated with IL2 alone (Z604 D7 IL2 only) or with BrHPP and IL2 (Z604, X973, Z059, Z135, 
Z714, D7 IL2+BrHPP) 7 days after the administration. 

C- Absolute number of circulating yS cells increases 5- to 40-fold in BrHPF/ELZ co-injected 

M. fasdcularis. Absolute numbers of peripheral y5 cells were detemuned by flow cytometry in the 
four BrHPP/IL2 co-injected animals. Peripheral y5 cell mnnber was found 5 to 40 times higher at 
1 0 day 7 after administration than before, depending on animals. A mean 24-fold increase was 

obtained for a total amount of 20mg/kg BrHPP injected, single doses being more efficient than q>lit 
ones. 

Figure 3 

IS A Peripheral y5 cell rate increase upon BrHPP/IL2 administration is dose-dependant. 
Upper panel : A first injection was done with increasing amounts (0, 0.2, 4, 20, 80 mg/kg) of 
BrHPP in 1 0 animals (numbered 203 1 to 2040), with 2 fltiimalg per dose (1 male + 1 female). 
LfOwer panel : Same animals underwent a second iirjection 3 weeks after the first ixijection with 
even higher amounts of BrHPP (20, 80, 120, 160 mg/kg). Animals that received the lowest doses at 

20 first injection (groups 0.2 and 4 mg/kg) were injected with the two new highest doses (120 and 160 
mg/kg) to minimize potential effects of first injection on second injection. 

B- Circulating yS cell number increase upon BrHPP/IL2 co-treatment is also dose-dependant. 

The fold increase in periph^-al y5 cell number was calculated as the ratio of y5 absolute count 7 
days after treatment on yS absolute count before treatment. Despite some discrepancy between 
25 animals in the same dose-group, this increase is clearly dose-dependant 

C- Flow cytometry images of total blood of animal #2034, before and 5 days after it received 
160mg/kg BrHPP, stained with anti-gammaP-FTTC and anti-CD3-PE antibodies. 

Figure 4 

30 A- Primate yS cells respond in vivo equally to the first and the second BrHPP/ILr2 co- 
treatment. The mean amplification in y5 cell number observed 7 days after the first 20mg/k:g 
BrHPP treatment (fi:actionated or not) is con^arable to the mean increase observed aft^ the 
20mg/kg BrHPP recall. 

B- yS amplification in vivo decreases after successive BrHPP/IL2 administration. In this 
35 experim^t, two animals received successively SOmg/kg and 22 days aft^ 20mig/kg, or 20mg/kg 

followed by 80mg/kg. In each case, the response in yS cell number fold increase is lower at the first 
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recall of a given dose than at first injection (}e& panel). Moreover, the five females w^e treated 
with a second and a third recall at 80mg/kg, at 3 weeks intervals. The resulting amplification rates 
is still detectable but become lower at each recall (right panel). 

5 Figure 5 

A- Serum TNFa is produced in vivo after BrHPP/IL2 co-treatmeut. TNFa was detected by 
Elisa in the serum of the monkeys first treated with JL2 and increasing doses of BrHPP (0 to 
80mg/kg, with two animals per dose, Cf figure 3 A), 1 and 4 hours after BrHPP injection. 
B- In livo peripheral BrEDPP-amplified primate y5 cells produce cytokines in response to 
1 0 BrHPP challenge. As a foiirth BrHPP/IL2 treatment, females 2032 and 2034 received 80mg/kg 
BrHPP, which induced 3- and 7.9-fold increases in y5 cell number respectively. At the time of y5 
cell peripheral peak (day 5 after the 4^ injection), these animals were re-injected with 80mg/kg 
BrHPP (without IL2) and serum INFy and TNFa were detected 60 and 120 minutes after injection 
by Elisa. 

15 

Figure 6 

Different IL2 co-treatment do not influence the maintenance of peripheral yS rate. 

Concomitantly with 20mg/kg BrHPP, animalg received subcutaneously the following IL2 treatment 
: 0.15 million units twice daily for 9 days (animal Z059), 0.3 million units twice daily for 5 days 
20 (Z135), 0.9 million units twice daily for 5 days (animal Z714) or 9 days (animal X973). 

Figure? 

Primate yS cell number fold increase in response to increasing doses of Phosphostim. 

The first and second administrations of Phosphostim and IL-2 resulted in a clear dose-related 
25 elevation of peripheral Vy9V52 T cells at Day 7 as determined by flow cytometry, which is 
represented in Figure 7. 

Figures 

Serum cytokine (INFy and TNFa) production in Phosphostim treated primates. 
30 The effects of Phosphostim treatment on the production of cytokines (INFy and TNFa) production 
in the serum was studied twice: 

a&er the first infiision, in all treated animals: a significant production of systemic TNFa 
(serum concCTtradons around 60 and 120 pg/ml) was evidenced in both animals having 
received 80 mg/kSy 1 hour aft^ BrHPP injection; 
35 - in two females OF2032 & F2034), which received 80 mg/kg (without IL-2) during the peak 

(Day 7) of the 4^ injectioiL 
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Serum TNFa and INFy concentration evolutions for both animals are shown, demonstrating that 
Vy9V52 T cells amplified in vivo upon BrHPP/IL-2 co-treatment also produce detectable amounts 
of systemic cytokines. 



5 Figure 9 

In vitro cytotoxicity of expanded Vy9V52 T cells from mRCC patients. 

Lytic activities of BrHPP-amplified y5 T cells were measured agamst classical control targets (Raji 
and Daudi), primary autologous normal and tumor cell lines of the selected patients in a 4h 
standard ^^Cr release assay for the five patients. 

10 

Figures 10 to 13 

In vivo (monkey) dose ranging studies with HDMAPP and BrhPP 

The dose-range effect of HDMAPP and BrHPP in vivo as detranined by determining numbers of 
y5 T cells by flow cytometry are shown in Figures 10 to 13. 
1 5 Figures 1 OA and 1 OB show the absolute cell count (/mm^ blood) for HDMAPP and BrHPP 
respectively. 

Figures 1 1 A and 1 IB show the percentage y5 T cells of total circulating lymphocytes for HDMAPP 
and BrHPP respectively. 

Figures 12A and 12B show the fold y5 T cell increase in absolute cell count (/mm^ blood) for 

20 HDMAPP and BrHPP respectively. 

Figures 13 A and 13B show the fold increase in percentage of total circulating lymphocytes for 

HDMAPP and BrHPP respectively. 

« 

Figure 14 

25 A* Comparison of BrHPP and HDMAPP in vitro activities 

Figure 14A shows the in vitro EC50 for the compounds BrHPP, HDMAPP and the 
aminobisphosphonate conq)ound Zoledronate®. The in vitro biological activity of yS T cell 
ampUfication from human PBMCs (in the presmce of rhIL2) was assessed using a TNFa release 
assay. 

30 B. Comparison of BrHPP and HDMAPP in vivo activities 

Figure 14B shows the in vivo EC50 for the compounds: for BrHPP the BC50 is about 1 nM while 
for HDMAPP the EC50 is about 5 pM. By contrast, the less potent Zoledronate® showed an EC50 
value of about 1 pM. TTie biological activity of y5 T ceU amplification from human PBMCs was 
assessed by counting y5 T cell using flow cytometry. 

35 
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Figures 15 to 19 

In vivo efficacy of human y5 T ceOs Nod-Sdd/Tumor Model 

Tumor growth in the first few days after admimstration of human PBML and BrHPP treatment to a 

Nod-Scid mouse is shown in Figure 15. 

5 Phenotyping and homing of human cells: In the peritoneal cavity, the weekly check of the IP 

phenotype of treated mice showed a human y5 T ceU presence only in the BrHPP treated mice. The 
relative numbers of yS T cells in the blood is shown in Figure 16 and in the peritoneal cavity in 
Figure 17. Human y5 T cells rq)resent a higher percentage of the human CDS T cells. In the mice 
recipient organs: phenotyping is carried out at sacrifice (4 wedcs after the PBMC and BrHPP 

1 0 treated or not treated groups); the major human cells present in those organs are human CD3+ T 
cells with 99% expression of the Ab TcR. However in the tumor, human y5 cells were preset only 
in the BrHPP treated group. 

While tumor size increased in the first few days after treatment, tumor size decreased therafter 
quickly in the PBMCarHPP and IL2 treated groiq). Figure 19 shows that from day 7 onwards the 
1 5 tumor size shrank. In the PBMC group, after short arrest, the size grows and no significant 

difference was observed between the tumors sizes in this group and those of the negative control. 
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Definitions 



Within the context of the present invention, the expression "regulating the activity of y5 T cells" 
designates causing or fevoiing an increase in the number and/or biological activity of such cells in 
25 a subject. Regulating thus includes without limitation modulating (e.g., stimulating) expansion of 
such ceUs in a subject and/or, for instance, triggering of cytokine secretion (e.g.. TNFa or IFNy). 
As indicated. y5 T cells normally represent between about 1-10% of total circulating lyn5)hocytes 
in a healthy adult human subj ecL The present invention can be used to significantly increase the y5 
T cells population in a subject, particularly to reach 30-90% of total circulating lymphocytes, 
30 typicaUy 40-90%. more preferably fiom 50-90%. hi typical embodiments, the mvention allows the 
selective expansion of y5 T cells in a subject, to reach 60-90% of total circulating lyn^jhocytes, 
preferably 70-90%, more preferably fiom 80-90%. Regulating also includes, m addition or in the 
alternative, modulating the biological activity of y5 T cells m a subject, particularly thdr cytolytic 
activity or their cytoldne-secretion activity. The invention defines novel conditions and strategies 
35 for increasing the biological activity of y5 T cells towards target cells. 
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As used herein, the tenai"EC50" with respect to regulating the activity of y5 T cells, refers to the 
efficient conc«itiation of the subject con^ositions which produces 50% of its m a ximum response 
or effect with respect to such activity of yS T cells. 

5 

As used hCTein, the tenn"EC100" with respect to regulating the activity of yS T cells, refers to the 
efficiait concentration of the subject conqwsitions which produces its maximum req)onse or effect 
with respect to such activity of yS T cells. 

1 0 Where hweinbefore and hereinafter numerical terms are used, they are meant to include the 
numbers representing the yxpper and lower Umits. For exaiaple, "between 1 and 3" stands for a 
range "from and including 1 ijqp to and including 3", and "in the range from 1 to 3" would stand for 
"from and including 1 up to and including 3". The same is true where instead of numbers (e.g. 3) 
words denoting numbers are used (e.g. "three"). 

15 

Where "comprising" is used, this can preferably be replaced by "consisting essentially of, more 
preferably by "consisting of. 

Where "about" is used in connection with a number, this preferably means the number +/-15%, 
20 more preferably the number plus 5%, most preferably the number itself without "about". For 
example, "about 100" would stand for "from and including 85 to and mclxiding 1 15". Where 
"about" is used in connection with numeric ranges, for example "about 1 to about 3", or "between 
about one and about three", preferably the definition of "about" given for a number in the last 
sentence is appUed to each number defining the start and the end of a range separately. Preferably, 
25 where "about" is used in connection with any numerical values, the "about" can be deleted. 

"Weekly" stands for "about once a week" (meaning that more than one treatment is made with an 
interval of about one week between treatments), the about here preferably meanmg +/-1 day (that 
is, translating into "every 6 to 8 days"); most preferably, "weekly" stands for "once every 7 days". 



30 



"3-weekly" or "three-weekly" stands for "about once every three weeks" (meaning that more than 
one treatment is made with an interval of about three weeks between treatments), the about here 
preferably meaning +/-3 days (that is, translating into evory 1 8 to 24 days); most preferably, 
"weekly" stands for "once every 21 days" (=every third wedc). 



35 
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Whenever within this whole specification "treatment of a proliferative disease" or "treatment of a 
tumor", or "treatment of cancer" or the like is mentioned with reference to yS T cell activator(s), 
there is meant: 

a) a method of treatment (=for treating) of a prolifoative disease, said method comprising the step 
5 of administering (for at least one treatmait) a yS T ceU activator, (preferably in a 

pharmaceuticaUy acceptable carrier material) to a warm-blooded animal, especiaUy a human, in 
need of such treatment, in a dose that allows for the treatment of said disease (=a therapeutically 
efifective amount), preferably in a dose (amount) as specified to be preferred hereinabove and 
hareinbelow; 

10 b) the use of a y5 T cell activator for the treatment of a proliferative disease; or a y5 T cell 
activators, for use in said treatment (especially in a human); 

c) the use of a y6 T cell activators, for the manufacture of a pharmaceutical preparation for the 
treatment of a proliferative disease; and/or 

d) a pharmaceutical prq>aration comprising a dose of a yS T cell activator that is appropriate for 
1 5 the treatment of a proliferative disease; or any combination of a), b), c) and d), in accordance with 

the subject matter allowable for patenting in a country where this appUcation is filed; 

e) a method of usmg a y5 T ceU activator for the manufacture of a pharmaceutical preparation for 
Ihe treatment of a proliferative disease, con^)rising admixing said y6 T cell activator with a 
pharmaceutically acceptsible carrier. Li cases where a tumor disease or a specific tumor (e.g. colon 

20 tumor, colon carcinoma or colon cancer, or prostate tumor, prostate carcinoma or prostate cancer) 
are mentioned instead of "proliferative disease", categories a) to e) are also enconq>assed. meaning 
that the respective tumor disease can be filled in under a) to e) above instead of "proliferative 
disease", in accordance with the patentable subject matter. 

25 As fiirther described herein, several y5 T cell activators have been found to regulate the activity of 
y5 T cells in vitio with at the nano- and pico-molar concentration level. Based on in vivo studies 
with first and second y5T activators, BiHPP and HDMAPP. it has now been found that these 
compounds are able to induce increases in biological activity as well as high rates of proliferation 
of yS T cells m vivo in a primate. This enables a new strategy of stimulation of y5 T cells in vivo. 

30 

It has now also been found that a strategy of stimulation of y6 T cells can be effective in humans 
for the treatment of tumors, including soUd tumors, and furthermore also in soUd tumors with 
metastases. A y5 T cell activating conqjound. BrHPP (also referred to as Phosphostim), was used 
in a clinical study to demonstrate that treatment of humans having m^astatic renal carcinoma by 
35 introducing ex vivo activated y5 T cells could result in the effective treatment of soUd tumors. 
Briefly, BrHPP was used in an adoptive autologous ceUnlar inomunotherapy process designed to 
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produce large numbers of hi^y enriched Vy9V62 T cells from patient's cytapheresis. Ex vivo 
stimulation allows the generation of critical numbers of effector cells for therapeutic purposes. The 
BrHPP-stimulated yb T cells ware obtained by a 2-week manufecturing process. The initial cell 
prq>aration consists of PBMCs from blood from either fresh or frozen cytapheresis. The cells are 

5 e3q)anded for two weeks in a closed system, with sequential addition of defined dosage IL-2 to the 
culture medium after a unique GMP-grade Phosphostim stimulation. The manufacturing process 
is much simpler tiian most current cdlular thar^y ^preaches using conventional CD8+ T ceU 
lines or clones: there is no final sq)aration or purification step nor use of feeder ceUs; tiie specific 
TC3l-mediated signal provided by Phosphostim is sufficient to trigger the IL-2-depaident 

10 expansion of the Vy9V52 subset, which becomes dominant in the culture. Several doses of tiie yS 
ceUnlar product can be manufactured from one frozen cytaphearesis. Typically, 100 miUion frozen 
PBMCs from cyt^hCTesis yield 2 to 5 biUions cells. The BrHPP-stimulated y5 T cells are 
currently beang used in a Phase I clinical trial in metastatic Renal CeU Carcinoma (mRCC). The 
trial is currently on going at the second dose level of 4 billions cells after achieving correct 

1 5 tolerance of the first 1 bilUon ceU dose. Preliminary results from the ongoing trial are promising, 
as the evaluable patients showed signs of anti-tumor activity in tiie form of stable disease. 

Li was also found that autologous y5 T cedls could lyse, as a ftinction of tiie effector to target ceU 
ratio, tumors cells obtained fix)m human patients having metastatic renal cell carcinoma, while not 

20 substantially causing lysis of normal (non-tumor) cells ftom tiie same patient As described herein, 
BtHPP is a synthetic phosphoantigen that specifically expands Vy9V52 T cells from healthy 
donors' Perq)heral Blood Mononuclear Cells (PBMQ. These ejqjanded Vy9V52 T cells lysed 
lymphoma targets and some established Renal Carcinoma Cell ^CC) lines. 
In the present study, primary normal and tumor renal cells from RCC patients were established, and 

25 tiie effect of the BrHPP on PBMCs of tiiese patients was investigated. This permitted assessment of 
the lytic potential of expanded Vy9 V52 T cells against primary normal and tumor renal cells in an 
is autologous setting. This cytotoxic activity was compared witii otiier autologous effectors cells, 
like LAK cells (Lynqihokine-Activated Killer cells) for exan^le. 

30 The inventors paformed a series of eq>CTiments suggesting that the compound BrHPP could also 
be used to treat solid tumors in vivo, and moreover metastatic tumors. In one set of oq)eriments tiie 
invoitors used a NOD/SdD mouse model of cancer to which human y§ T cells were introduced to 
demonstrate that a y5 T cdl activator could prevent or arrest growtii of metastatic renal cell tiimor 
cells in culture. 

35 
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^ tamer cl^*^ ; ^ ^ ^= fcdtas. 76 T cells 

admmstrataonofttieYOice"* Hnwever.re-stinwlationof 



-stimiulate y5 



10 



15 



20 



25 



be administered repeaieaiy <uxu f^s T and moreover that such 

the first stinwlation. Furthennore, eao , ^ . . . „ .t,» examples presented herein. In 

• i^ow fr»r examole by mfusion m tne example* 

of respective co»^-.-s. ^ of HDMAPP co^uM r.v«I»J in 

compaitamwilh to previously rtpoited activity, low 

c„Z«»4 -y - ™ " *° """^^ 

« „„i»i-itothetiealii«Dtofatoi»r,preferablyasoUd 

*^'"rr.rrrr:^",ar..i*.ocae.a.^e^^ 

. other proUferaave dis«,s.s but n« Mted to, the fcUo^ 

A variety of cancras and otha: prometauvc uio 
betreatedusingthemethodsandcompositionsoflheinventron: 

.carcinoma.includingthatofthebladder.breast.colon.ladne^ vary, 

thvroid and sJdn, including squamous cell carcmoma, 

pancreas, stomach, cervax, ^y^^^^^ZTd lineage including leukemia, acute lyrrq,hocytic 
.hematopoietictumorsoflyn^ho^dlmeage.mc \ 



30 
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. hematopoietic tumors of myeloid hneage, mcmonis 

, ^ «^nheral nervous system, including astrocytoma, 
. tumors ofthecraitral and peripheral nervous ^ 

osteosarcoma; and . - 
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- other tumors, including melanoma, xerodenna pigmentosum, keratoacanfhoma, 
seminoma, thyroid foUicular cancer and toatocarcinoma. 

As discussed, the methods of the invention may also be used for the treatment or prevention of an 
5 autoimmune disease or an infectious disease. 

Where hereinbefore and subsequently a tumor, a tumor disease, a carcinoma or a cancer are 
mentioned, also metastasis in the original organ or tissue and/or in any other location are inq)Ued 
alternatively or in addition, whatever the location of the tumor and/or metastasis is. 

10 

In a preferred aspect, the y5 T ceU activator may increase the. biological activity of y5 T cells, 
preferably increasing the activation of 76 T cells, particularly increasing cytokme secretion fiom 
y8 T cells or increasing the cytolytic activity of yS T cells, with or witiiout also stimulating tiie 
expansion ofyST cells. Thus in one aspect, the present invention relates to methods for the 
1 5 treatment of a disease, especially a proliferative disease, and more preferably a soUd tumor, 

particularly a soUd tmnor having metastases, where a yS T cell activator con^,rising a con5.ound of 
ihe fonnula I. espedaUy a y5 T ceU activator according to formulas I to XVn, especiaUy yS T ceU 

activator selected fiom the groiq, consisting of BrHPP, CBrHPP, HDMAPP HDMAPP and 
epoxPP, is administered in an amount and under conditions sufficient to increase the activity y5 T 
20 cells in a subject, preferably in an amount and under conditions sufficient to increase cytokine 
secretion by y5 T cells and/or to increase the cytolytic activity of y6 T cells. In typical 
embodiments, a y5 T cell activator allows the cytokine secretion by y5 T cells to be increased at 
least 2. 3, 4, 10. 50. 100-fold, as determined in vitro. 

Cytokine secretion and cytolytic activity can be assessed using any appropriate in vitro assay, or 
25 those provided in tiie examples herein. For example, cytokine secretion can be determined 

according to tixe methods described in Espinosa et aL (J. Biol. Chem., 2001. VoL 276, Issue 21, 
1 8337-1 8344). describing measurement of TNF-« release in a bioassay using TNF-a.sensitive 
cells. Briefly. 1 0" YST cells/weU were incubated with stimulus plus 25 units of IL2/weU in 1 00 of 
cultiJie medi^ during 24 h at 37 »C. Then,50 jil of supernatant were added to 50 pi of WEHI 
30 cells platedat 3 x 10* cells/weU in culture medmm plus actinomycinD (2 jig/ml) andUU (40 mM) 
and incubated for 20 h at 37 °C. Viabihty of the TNF^x-sensitive cells and measured with a 3-(4,5- 
dimethylflnazol-2-yl)-2,5-diphenyltetrazoUumbromide assay. 50 ^1 of 3-(4,5-dimethyltiriazol.2- 
yl)-2.5-diphenyltetiazoUumbromide (Sigma; 2.5 mg^ml in phosphate-buffered saline) per weU were 
added, and after 4 h of incubation at 37 "C, 50 of solubilizationbuffer (20^/0 SDS, 66% dimethyl 
35 foimamide. pH 4.7) were added, andabsorbance (570 nm) was measured. Levels of TNF-a release 
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woe then calculated from a standard curve obtained using purified human rTNF-a (PeproTech, 
Inc., Rocky Hill, NJ). Ihterferon-Y released by activated T cells was measured by a sandwich 
enzyme-linked immunosorbent assay. 5 x lO" YST cells/well were incubated with stimulus plus 
25 units of IL2/weU in 100 jil of culture medium during 24 h at 37 "C. Then. 50 ^1 of supernatant 
5 were harvested for enzyme-linked immunosorbent assay using mouse monoclonal antibodies 
fBIOSQURCE. Camarillo, CA). 

A preferred assay for cytolytic activity is a "Cr release assay. In exenq>laiy assays, the cytolytic 
activity of y5 T cells is measured against autologous normal and tumor target cell lines, or control 
sensitive target cell lines such as Daudi and control resistant target ceU line such as Raji in 4h "Cr 
1 0 release assay. In a specific example, target cells were used in amounts of 2x1 0' cells/well and 

labeled with lOOjiQ "Cr for 60 minutes. Effector/Target ( E/T) ratio ranged from 30: 1 to 3.75: 1. 
Specific lysis (expressed as percentage) is calculated using the standard formula [(ejq>erimental- 
spontaneous release / total-spontaneous release) xlOO]. 

15 In another aspect, the present invention relates to methods for the treatment of a disease, especially 
a proliferative disease, and more preferably a soUd tumor, particularly a soUd tumor having 
metastas^, where a yS T ceU activator, especially a y6 T ceU activator according to formulas I to 
XVn, especially y8 T cell activator selected from the groijp ccmsisting of BrHPP, CBrHPP, 
HDMAPP HDMAPP and epoxPP, is administered in an amount and vmder conditions sufficient to 

20 stimulate the expansion of the T ceU population in a subject, particularly to reach 30-90% of 
total circulating lymphocytes, typicaUy 40-90%, more preferably from 50-90%. In typical 
embodimente, the invention allows the selective e;q)ansion of y6 T cells in a subject, to reach 60- 
90% of total circulating lymphocytes, preferably 70-90%, more preferably from 80-90%. 
Percentage of total circulating lymphocytes can be determined according to ms^ods known in the 

25 art. A prefeired method for determining the percentage of y5 T cdls in total circulating 

lyn^hocytes is by flow cytometry, examples of appropriate protocols described in the examples 
herein. 

In another embodiment, the present invention relates to methods for the treatment of a disease, 
30 espedally a proliferative disease, and more preferably a soUd tumor, particularly a soM tumor 
having metastases, where a y5 T ceU activator, especially a yS T cell activator according to 
formulas I to XVII, especially y5 T cell activator selected from the ffoap consisting of BrHPP, 
CBrHPP, HDMAPP HDMAPP and qpoxPP, is administoed in an amount and viader conditions 
sufficient to stimulate the expansion of the yS T ceU population in a subject, particularly to increase 
35 by more than 2-fold the number of y5 T cells in a subject, typically at least 10-fold, more preferably 
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at least 20-fold. In typical embodiments, the invention allows the selective expansion of y5 T cells 
in a subject, to increase by at least 2, 4, 10, 20, or 50-fold the number of y5 T cells in a subject, 
more preferably at least 100 or 200-fold, The number of y5 T cells in a subject is preferably 
assessed by obtaining a blood sample jSrom a patient before and after administration of said y5 T 
5 cell activator and determining the difference in number of y5 T cells present in the sample. A 
preferred method for detCTmining the number of yS T cells by flow cytometry, exan^ples of 
appropriate protocols described in the exasoples h^ein. 

In another aspect, the preset invention relates to m^ods for the treatment of a disease, especially 
10 a proliferative disease, and more preferably a solid tumor, particularly a solid tumor having 

metastases, where a y5 T cell activator, especially a yS T ceU activator according to formulas I to 
XVn, especially y5 T cell activator selected from the group consisting of BrHPP, CBrHPP, 
HDMAPP HDMAPP and epoxPP, is administered in an amount and under conditions suflBicient to 
stimulate the ejqpansion of the y5 T cell population in a subject, particularly to reach a circulating 
15 y5 T cell count of at least 500 y5 T cells/mm3 in a subject, typically at least 1000 y5 T cells/mm3, 
more preferably at least 2000 yS T cells/mm3- The circulating y5 T cell count in a subject is 
preferably assessed by obtaining a blood sample from a patient before and after administration of 
said y5 T cell activator and detmnining the nxmiber of y5 T cells in a given volume of sanq)le. A 
preferred method for determining the number of y5 T cells by flow cytometry, exaii5)les of 
20 appropriate protocols described in the exair5>les herein. 

In a further aspect, the present invention relates to an in vivo regimen for the treatment of a 
proliferative disease, especially a solid tumor and more particularly a solid tumor having 
metastases, where a y5 T cell activator, especially a y5 T cell activator according to formulas I to 

25 XVn, especially y5 T cell activator selected from the groiq) consisting of BrHPP, CBrHPP, 

HDMAPP HDMAPP and ^oxPP, is administered to a warm-blooded animal, especially a human, 
in a dose that is higher (preferably at least 10%, 20%, 30% higher) than the smgle administration 
Efficimt Concentration value giving half of the maximum effect (EC50) of y5 T cell biological 
activity or population expansion, or more preferably a dose that is at least 50%, or more preferably 

30 at least 60%, 75%, 85% or preferably between about 50% and 100% of the single administration 
Efficient Concentration value giving the maximum effect. 

In preferred aspects, one or more (preferably at least two) ftirther doses preferably each within the 
dose range mentioned harein are administered in one or preferably more than one fiirther treatment 
3 5 cycle(s), especially with an interval between the treatment cycles of more than one week or 
- . - preferably more than two weeks after the preceding treatmCTt, more preferably after about two to 
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about eight (8) weeks, most preferably about three (3) to about four (4) weeks after the preceding 
treatment, respectively. GeneraUy, this treatment regimen where a dose is administered in two or 
more treatment cycles with periods of time between one to eight, preferably three to four weeks of 
time between administrations is preferred over more frequent treatments with lower doses, lower 
5 increases in y6 T ceU biological activity or lower expansion of yS T cell population. 

Preferably, dosage (single administration) of a compound of formula I for treatment is between 
about 1 pg/kg and about 1 2. g/kg. 

10 It will be appredated that the above dosiages related to a group of compounds, and tiiat each 
particular confound may vary in optimal doses, as forther described herein for exemplary 
con5)ounds. Nevertheless, coiiq)ounds are preferably administered in a dose sufficient to 
significantiy increase the biological activity of yS T cells or to significantiy increase the yS T ceU 
population in a subject. Said dose is preferably administered to the human by intravenous (i.v.) 

15 administration during 2 to 180 min, preferably 2 to 120 min. more preferably during about 5 to 
about 60 min, or most preferably during about 30 min or during about 60 min. 

In preferred exemplary conq)ounds, a con^und of formula H to XI is administered in a dosage 
(single administration) between about 0.1 mg/kg and about 1 .2 g/kg, preferably between about 10 

20 mg/kg and about 1 .2 g/kg. more preferably between about 5 mg/kg and about 100 mg/kg. even 
more preferably between about 5 pg/kg and 60 mg/kg. Most preferably, dosage (single 
administration) for three-weekly or four-weekly treatment (treatment every three weeks or every 
tiiird week) is between about 0.1 mg/kg and about 1 .2 g/kg, preferably between about 10 mg/kg 
and about 1 .2 g/kg. more preferably between about 5 mg/kg and about 1 00 mg/kg, even more 

25 prefraably betweai about 5 pg/kg and 60 mg/kg. 



by intravenous (Lv.) administration during 2 to 1 80 min, preferably 2 to 120 min. more preferably 
during about 5 to about 60 min, or most preferably during about 30 min or during about 60 min. 

In preferred exen^laiy con?,ounds, a compound of formula Xn to XVII. is administered in a 
30 dosage (single administration) between about 1 pg/kg and about 100 mg/kg. preferably between 
about 10 pgOcg and about 20 mg/kg, more preferably between about 20 jig/kg and about 5 mg/kg. 
even more preferably between about 20 pg/kg and 2.5 mg/kg. Most preferably, dosage (single 
administration) for three-weekly or four-weekly treatment (treatment every three weeks or every 
third week) is between about 1 pg/kg and about 100 mg/kg, preferably between about 10 pg/kg ar 
35 about 20 mg/kg, more preferably betweai about 20 pg/kg and about 5 mg/kg. even more preferab! 
between about 20 pg/kg and 2.5 mgflzg. This dose is preferably administered to tiie human by 
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intraveaous (i.v.) administration during 2 to 180 min. preferably 2 to 120 min. more preferably 
during about 5 to about 60 min, or most preferably during about 30 min or during about 60 mm. 

On other aspects, the dosage of a y6 T ceU activator may be determined as a function of its 
5 maximal tolerated dose or highest tested dose in non-human animals. TTie present invention thus 
discloses an in vivo regimen for the treatment of a proliferative disease, espedally a soUd tumor 
and more particularly a soUd tumor having metastases, where a y5 T ceU activator, especially a ^5 
T ceU activator accordiBg to formula I. especiaUy T ceU activator selected ftom the group 
consisting of BrHPP. CBrHPP. HDMAPP HDMAPP and epoxPP. is admmistered in a dose that is 
10 between about 1 and about 100o/„, preferably between about 25 and 100o/„. of the (single 

administration) maximal tolerated dose (MTD) to a warm-blooded animal, especially a human. 
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Treatment cycles 

m ferther methods, the inventors have devised administration regimens providing inq,roved 
regulation of y6 T ceU activity based on the m vivo kinetics of y5 T ceU regulating pyrophosphate 
compounds. 

•ae inv^tionprovides a mediod of regulating the activity of y5 T cells in a mammaUan subject, 
the method con^rismg administering to a subject in need thereof an effective amount of a y5 T ceU 
activator according to a treatment cycle in which y 5 T ceU activity, preferably the yS T ceU rate 
(number of y5 T cells), is allowed to return to substantially basal rate prior to a second 
administration of the corr^ound. As further de«.ribed herein, in preferred embodhnents. at least 
about one week, but more preferably at least about two weeks, are required for a patient's yS T ceU 
25 rate to return to substantially basal rate. 

As further shownmtheexau,,les.theinvcntorshavefound that cycles shorter^ 
not permit suitable stimulation of y5 T ceU activity. THe course of a preferred cycle is an at least - 
weddy cycle, but more preferably at least a 2-weekly cycle (at least about 1 4 days), or more 
preferably at least 3-weekly or 4-weekly. Ilxough cycles anywh«e between 2-weekiy ^ 

are preferred. Also effective and cont^lated are cycles of up to S-weekly, for exanq.le S-weekly. 
6-weeldy, 7-weddy or 8-weeldy. 

m one preferred embodiment, administration of the y5 T ceU activator occurs on the first day of a 
35 2-weddy to 4-weekly cycle (that is. an about 14 to 28 day weeks repeating cycle). In a preferred 
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.^.^e., U.C ^ T odl 3c«v,»r is a<W>^ o,.y to fcs. day of ^ 2-weOdy » 4-w«idy, 
or preferably 3 weekly, cycle. 

1. p„te^ e^iodi^ adn-i^c of to ^5 T «B — occurs on ^^^^ »J; 
5 wcdd,»4-wc=.dycyc.e.bapr.<^«Bbodta»,tor5Tc.Uacttva»rUaa— 

<„> to te. day of to l.«^y to 4.w«My oycle. In a p«fe«cd anlx»iiment. to yS T odl 
to adntoterrf only on to first day of to l-w=ddy » 4-»«ay cycle. 

to parttcnlarly pretcrcd «nbodnn«*. adnnntottadon of to yS T c=U activator occurs on to first 
10 dayofa3-wceay.o4-wccUycycl.In.pref«r«icn*odin«^«»r5TceU— - 

Jl«-cd.o..yontofirs.dayofto3.,«^v>4..«Mycycl.toapref^— 
to yS T cdl aca^tor to adnnntotcr«l only on to firs, day of to 3-wcddy to 4-«-cclcly cycle. 

As n-entioued. a subiec. will prcf^ be treatod ibr a. least .«o cydes. or n«r. preterab^for a. 
15 leasttto.cycl.s.Inotoraspcct..r«nne=.n«oroontinueS>ragrea.crnun*erofcy^^ 

exa^le at L 4. 5. 6 or n^ cycUs can «Msi»..i ^ Of -^'-^^^ 
aosi.* may be r^ for as long as climoaUy u>le«ted and to nnnor . under ««ol or unM 
^TreJLsiorT^ -control" to a weU recognized Clinical pa^netcr, a. d^od abo«^ 

prefen«i erix,din>«*. to cyde of dosing to repeated fe np to about eigiit cycles 
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Co-treatment with cytoHne 
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U ^ en^odime-s. to metods of to invendon con,prises fi>rtox admintoted^ a c,^ 
While to compounds of to in«ntion may be used with or without «imm.str«.o^ m 
X^.s^acyU.^canbeadmintot.red.wber,insaidc,.o,=inetocapsbleof^^ 

of . y6 T ecu popuMon treats wi^ a yS T cell activator compotmd, preferably wher^n 
toV«netoeapab,eofindncingane:^onofay6TceUpo^onwbich«8-«.«^«^ 
..^^.ingten^imintotrationoftoySTcen activator compou.»lintoa^ 

cytokine. Aptefb.redcytoldnetoaninterleuldn-2polypq«de. 

A c,««ne baving ya T ecu proli^ ind^ activi^. P-f-^''' '^''^ 
pc,^ to admintotered at low doses. typicaUy over a period of time oompnsed b«we«. 1 and 
lOdays. Tley5TceUacti««ortoprrf.rablyadmintotcredina.ingledo,e.«^.,P»aUya.to 

beginiiing of a cycle. 
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10 



15 



p,^ly,a»»toiiuswUoaoftheoytotoebeEmsonthesaaed.y(e.g.i»^ 
,«^s..aU^of^r5ToeU.».iva«. „ wiU appreciated « ^ 0,^^= -b. 
aa„i^ in any ^.e sche^ wittin said ««i.« of b^eea ab«. 3 

in one aspect «»cy»ldnci»adn^teredead. day. while in ofl^aspeeu^^^ 
:Z^:aaJLred^e.e.day. Wi^ cytoldne is ad.^ about 7 U. abo« H 

days, a 3-weddy day treatment cycle is preferred. 

T^in^^ttasalsotelatestotheuseofasy-beaerSTcdlacavat^^^aeytoUn^ 
^..,bodin^.bee,«*ineisanin..i.*in-2po^ 

L n^anu^ct-u. of a Phannac^^ co.^--^ '^^ 

_^.^3eetMo«apecifioa>iy..bevaX — ^^^^^.^^ 

sepa^tely. Even tno^ prrf^bly, to ■n..d«ddn-2 po.,pep«de . " 
doses Wieany<-«.p=iodo£dn»co»,ri^be.weenl^lOd.ys.Inapre&™l 

1 ,6 T oen ac.iva.0. ia adn^ in a sin^e dose. typicaU, at d. bes^ Of 



the treatment. 



20 Tbepre.en.in«^n-sp«Hficall,re.a..s.oto«s.ofaraTc.naonv«<.--^-^^ 
2polpepad^ford»n— reofap.>annaceu.ioalco.^<br»atn^ 
tllTsaid ^ T eoU aodvator and in.erleulin-2 polypeptide are adndnistered s^y to to 
IrlL Pref^ly. ^ i-r.euki.2 polypepdde is adndnisterod a. low doses, typt^y ovr 

rc^^oo.n^-^-la------"'--"""'*'^'"""^ 

25 asingledoseattobeginiiingoftotreatmHa. 

U> an o.h« speciflo et^bodin^n.. to preset* invention relate, to to use of a V5 T cdl act^^ 

":^.2.»l,peptldc.fbrto.nar^eofapbarr^=-.— 
infeotioos disease in a ^eo. wbere^ said ,a T eeU aetlvator '^^^'"'^^^ 

— rr:xrp::^r«^=o^^»^ 

. . • . J o ointri*. HftQe at the beejimiiig of the treatment, 
the y5 T cell activator is administered m a smgle dose at me Degumms 

^.^embodiment.^epr.e.inventionreUtestotheuseofav5Tcen^ 

int.leu^-2 polypeptide. ^ manure of a pharmaceutical compos,^^ ^ an 

disease in a subject, wh^ said y5 T ceU activator and mt^leukm.2 polypepUde are 
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aWms.^ a. low doses, wi«By ov« a period of ftne comprised b^wee. 1 and 10 days, and/or 
r5 T cdl activator is administeKd to a single dose at the begins ottte treamen^ 

Uc tove^ioa also relies «, me.lK.ds of trcaUng a caocer. an infectious disease, an --^^ 
disease or an aUogic disease m a subject con^ristog separately adoW^ to a subject n> n.^ 

U^reof «. effective amouM of a 76 T cell activator and an int=rle«ldn-2 polypeptKie. 

Tbeabo,e«a»dsand..eat.n«^n^b.usrfaloneorinconJ»na.ion««hoU>er^^ 
,,eatn^.Porins,a«».ford»trea.n«.of«nnon,,d»mven.ionn,ayb.usedinoon*^^ 

with other anti-tumor agents or fe«m«>.s. such as cheu>otherapy. ■adioU»=.apy or gene therapy. 
The invention dso rda.es to a product convising a r5T cell «:tivator ».d an in.erl«^2 
polypeptide, fbr separato use. for regulating ti« activl., of ,5 T cdls in a Tanunali^. s«l,ect. 



15 



in prefened e^bodin^ the cytokine is adn^aistered during 

,5T activator, a^ during each subsequent cycle of treatment wi^ the y5T activator Howler, xt 
wiUbe appreciated thatti.etreatn^regin^oftheinventionn.aybenK^ed^ 

eytoldne is not adnmustered in the first cycle of treatment. Tl»t is^ 
20 (a) providing to a subject at least one first cycle oftreatxneot, said first cycle 

con5,rising administering a synthetic yST activator on the first day of a 1- 
weddy to 4.weekly cycle, or more preferably a 2-weeldy to 4-weeldy cycle, 
wherein no cytokine is administered during said first cycle; 

(b) providing at least a second cycle of treatment, said second cycle conq.iismg 
administering a synthetic y5t activator on the first day of a l-weekly to 4- 
weekly cycle, or more preferably a 2.weddy to 4-weekly cycle, and 
administering a cytokine for a period of between 1 and about 10 days; and 

(c) optionallyrepeatingstep(b)foranysuitablenumberoffurthercycles. 

Ino^eraspects.itwinbeappreciated^thetreahnentreglmenoftheinvend^^ 

such that the cytokine is not administered in one or more of the subsequent cycles of treatment 

That is, the method comprises: 

(a) providing to a subj ect at least one first cycle of treatment, said first cycle 

conq-rising administering a synthetic yST activator on the first day of a 1 - 
weekly to 4-weekly cycle, or more pref«ably a 2-weekiy to 4-weekly cycle, 
and administering a cytokine for a period of between 1 and about 10 days; 
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n,, p,„«r««lca«aseco»d,:ycl.of««n».^»^«coo4cj«,l.^ 

^s.eri«g a syutt^tic v5T aottv^r oa ars. day of . 1-wceay .o 4. 

„«kly ^1.. or >»ore pr.f«ably a 2-wc*ly to 4-»«B, cyde. whcem bo 
<,rfddM is admimstereddmfag said second cyoteaijd 

lonattyr.pea.ing steps (a) o.(b) fcranysniuW.n^«f W^^V^- 



„ .;,«,«rUnreterablyadiniiiistered as a single shot When used 
,0 AsdiscWh<«s..a.r8Te.Uac.va™^y ^ ^ 

ina«ea»enteon,^--,han««adn^"a^^ ^ ^ in .he expenn^ 
.a..^^ „ a ringl. sho. a. to heginnmg of a «a«en. eyole. As sho 
^on, s„ch.anini«ra.ionsehednleprovides are.^l.n»-seu.to 

^ Th. «=ttve ingredi«.« n>ay be adn»ered teo»* different routes. t,P»=ily by 
asubjeottheartivomgrea. ™t into vaiious tissues, such as by 

15 injectic«oro.dadndnis.ratio.I.».et.onn3ayb.c,.n«iou^^ 

i,,.,,^, intta^edtoneal. intraarterial, into 

, „».b.vSTceUacttvatt.ris.dnWst«dbyintt.venc>us(U.)adnnnist,ation. 
Most prefenMy, the ySTceUacnraio ,,„, ,j> „ji. more Brefaably during 

P^,ys.idinfi.sionisduring2»180nun.pref^br2»l^-^P^^ 

20 about 5 to dx.ut 30 min. most preferably during about 10 «. about 30 nun. eg. du^ 
^.lfUrto.describ.dhe,eh..hcinven.iondisc,«es.ha.abriefstin»^onor^ 

^nci^-toachievethe^STceUre^e^^. ^^^^J^lnll 
acdwyxs^D ^^r«nmolelmving a serum halfJifeot less man 

,ctt««ngc«x^b..ashortse.umhaH-hfe.te«»apleha™« ^ 

OA Vimirq or less than about 12 ttouTS, a rapiu uixud* 
« bour. less ^^^'^^ „i^es and 60 mi.^ or .nore pref^ly about 30 
25 rapid infusion is preferably between aooui iv luiu 

minutes. 

• ^.«mnrises both a vSTceU activator and an interleuldn-2 
^enanadn^trauonre^enco^^^^^^^^ 

30 ^-^-T^^-^^^^HroUadifferent 

administered at a different site or tnrougn w together orior to administration, 

«abiect Accordingly, the ingredients are generally not mixed together pnor to a 
subject. Accoramgiy, j ,,™;flueoackage in suitable sq)aratedcontamers. 
althou^ they may be combmed m a umque package m sui 

. ^ WimenL the active ingredients are administered through different sch^ 
35 ma preferred embodmxent. the ^^ ^ ^ 
synthetic Y5TceU activator IS admmistered as a smgiesnox, s-— » 
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the mterleukiii-2 polypeptide is administered over a prolonged period of time, typically between 1 
and 10 days. As shown in the experimeatal section, such administration schedule provides a 
remarkable increase in the activity of y5 T ceils in a subj ect. 

The active ingredients may be administered through different routes, typically by injection or oral 
administration. Injection may be carried out into various tissues, such as by intravenous, intra- 
peritoneal, intra-arterial, intra-muscular, intra-dermic, subcutaneous, etc. Preferred administration 
routes for the synthetic activators are intravenous and intra-muscular. Preferred administration 
routes for the cytokine are subcutaneous, intravmous and intra-muscular. 



A specific embodiment of the preset inveaition relates to the use of (i) a synthetic yST activator 
selected firom a PED or a PHD compound and (ii) an interleiikin-2 polypeptide, for the manufacture 
of a pharmaceutical composition for treating cancer, an infectioxis disease or an auto-immune 
disease in a subject, wherein said synthetic yST activator and interleukin-2 polypeptide are 
1 5 ackoinistered separately to the subject. More preferably, the interleuldn-2 polypqptide is 

administered at low doses, typically over a period of time comprised between 1 and 10 days, and/or 
the synthetic yST activator is administered in a single dose at the be ginning of the treatment, 
preferably at a dose comprised between 0.5 and 80 mg/kg, more preferably between 1 and 60, even 
more preferably between 2 and 60. 



Dosage of ySTcell activators 



As discussed, specific dosage ranges suitable for the administration of yS T cell activators to 
increase the activity of y5 T cells are disclosed herein. Nevertheless, it will be appreciated that the 

25 dose of activator may be adapted by the skilled artisan, depaiding on the nature of the activator, its 
specific-activity, EC50, stability and/or pharmacokinetics, as well as on the type of subject, etc. 
Several methods for doing so with respect to y6 T cell activators are also provided herein. 
Preferably, the y5 T cell activator is administered in a human subject at a dose comprised between 
0.01 and 200 mg/kg, preferably between 0.05 and 80 mg/kg, more preferably between 0.1 and 60, 

30 even more preferably between 1 and 60 mg/kg. The activator may be administered as a single dose, 
at the beginning of the treatmeat, or distributed over several days. Unexpectedly, however, the 
invention shows that a significantly hi^er effect is obtained when the activator is administered in a 
single dose at the beginning of the treatmeat Typical dosages are comprised betwem 1 and 60 
mg/kg, more preferably between 1 and 50 mg/kg. Appropriate dosages may be deduced firom 

35 experiments conducted in animals, by normalizing with respect to the mean body weight and mean 
body surface. For instance, it can be calculated that efficient doses of between 2 and 300 mg/kg in a 
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cynomolgus monkey (having a mean body weight of about 3kg and mean body surface of about 0.3 
m') correspond to an efficient dosage of between 0.5 and 80 mg/kg in a human subject Oiaving a 
mean body wei^ of about 65kg and mean body surfece of about 1.8 m^). It should be imderstood 
that different dosages may be used, including higher dosages, considering the low toxicity observed 
5 in vivo with the synthetic activators. 

The invention furth^ provides method which may be used to deteraiine the appropriate dosage 
ranges for further yS T cell activators based on their in vitro activities. In one aspect, the invention 
pmvides in vivo and in vitro dose-effect curves for two y6 T cell activators showing 

1 0 coirespondence in in vitro and in vivo y5 T cell stimulating activities, particularly correspondence 
of EC50 values. The invention thus also provides methods of determining the dosage of a y5 T cell 
activator, as well as dosages for administration to human subjects for said test compounds based on 
the exan5)les provided herein. An appropriate dosage range for a compound can be determined by 
(a) determining the in vitro y5T activating potency of a compoimd, preferably using an assay 

1 5 method as desraibed in the examples herein, and (b) comparing said activity of the test compound 
to the in vitro activity obtained using a compound for which the in vivo activity is known, 
preferably a BrHPP or HDMAPP confound, and conaputing an in vivo dosage or dosage range 
proportional to that obtained with the compound for which the in vivo activity is known. Preferably 
detennining the in vitro activity comprises determining the EC50. In this way, a dosage range can 

20 be detemiined, for example useful for selecting a starting dose for studies in non-human 

mammalian subjects, preferably cynomolgus monkeys. Further precision can be obtained by 
administering different doses within the range to subjects and assessing y5 T cell activity, for 
examples using the assays described herein. 

25 The present invmtion also provides that a brief stimulation of y5 T cell activity is sufficient to 
stimulate an increase in yS T cell activity. Thus, suitable y5 T cell activating compound include 
compounds having short as well as longer half-lives. In one aspect, a y5 T ceU activator having a 
short serum half-life, for exanq)le having a serum half-life of less than about 48 hours, less than 
about 24 hours, or less than about 12 hours, is administered bx a dose that is higher (preferably at 

30 least 1 10%, 120%, 130%, or 150% of the EC50) than the single administration EfBcient 

Concentration value giving half of the maximum effect (EC50) of y5 T ceU biological activity or 
population expansion, or more preferably a dose that is at least 50%, or more preferably at least 
60%, 75%, 85% or preferably between about 50% and 100% of the single administration EfficiCTt 
Concentration value giving the maximum effect (EClOO). Preferably said administration is by 

35 intravmous infusion, during between about 10 minutes and about 60 minutes. 
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In other aspect, appropriate dosage may be determined as a function of the Maximal Tolerated 
Dose (MTD). The MTD is determined according to standard procedures; preferably, in warm- 
blooded animals the MTD in case of oral or intravenous administration is determined as the dose of 
a single administration where no death occurs and a loss of body weight of less than 40, preferably 
5 less tlian 25, percent (%) is found in the treated warm-blooded animal mdividual (this term here 
mainly referring to an animal; for humans see below). In other aspects, where dose range studies in 
flm'mal have not demonstrated an MTD, the highest tested dose may be considered in place of the 
MTD. 

1 0 The MTD may vary depending on the population of the patients which may be defined by tumor 
type, age range, gendear, tumor stage and the like. While in animals, the most preftM-able way of 
determining the MTD can be analogous to that shown in the Examples preseirted below, in humans 
the MTD may g^erally be determined by starting with one single administration of a v&y low 
dose, e.g. 1/1 0th of the LDIO (i.e., the dose that is lethal to 10% of animals) in the most sensitive 

1 5 animal species in whidi toxicology studies have been performed. Dose escalation for the next dose 
level is 100%, unless grade 2 toxicity is seen according to the US National Cancer Institute Revised 
Common Toxicity Criteria, in which case dose escalation will be 67%. Dose escalation for 
subsequent dose levels is in the range of 25% to 67%. For exznaple, three patients are iisually 
treated at one dose level and observed for acute toxicity for one course of treatment before any 

20 more patients are entered. If none of the three patients exp^ence DLT (dose-limiting toxicity), 
then the next cohort of three patients is treated with the next higher dose. If two or more of the 
three patients experience DLT, then three more patients are treated at the next lowear dose unless six 
patients have already been treated at that dose. If one of three patients treated at a dose experiences 
DLT, then three more patients are treated at the same level. If the incidence of DLT among those 

25 patients is one in six, then the next cohort is treated at the next hi^er dose. In general, if two or 

more of the six patients treated at a dose level experience DLT, then the MTD is considered to have 
been exceeded, and three more patients are treated at the next lower dose as described above. The 
MTD is defined as the highest dose studied for which the incidence of DLT was less than 33%. 
Usually dose escalation for subsequent courses in the same patient-i.e. intrapatient dose escalation- 

30 -is not pennitted. Alternatively, dose steps may be defined by a modified Fibonacci sotcs in which 
the increments of dose for succeeding levels beyond the startmg dose are 100%, 67%, 50% and 
40%, followed by 33% for all subsequent levels. Finally, the MTD may be found by methods 
described in Simon, R., et al., J. Nat. Cancer Inst. 89(15), 1997, p. 1138-1 147. 

35 The DLT generally includes (but is not limited to) any drug-related death and most drug-related 
grade 3 and 4 toxicities, including febrile neutropenia (see also US National Cancer Institute 
Revised Common Toxicity Criteria). See especially the examples. . . ... 



PCT/IB03/06375 



37 



10 



In the above methods and uses, the subject is preferably a human subject, such as a subject havmg a 
cancer, an infectious disease, an autoimmune disease or an allergic disease. The invention is indeed 
suitable to treat all conditions caused by or associated with the presence of pathological cells which 
are sensitive to y5 T cell lysis. 

The invention is particulariy suited to stimulate tbe anti-tumor immunity of a subject having a solid 
or hematopoietic tumor, such as a lymphoma, bladder cancer, multiple myeloma, renal cell 
carcinoma, etc. 

Nevertheless, the mvention is also suitable to stimulate an anti-viral immune response in a subject 
having an infection by a virus selected &om HIV, CMV, EBV, Influraiza virus, HCV, HB V. etc. 



The invention is also suitable to stimulate an immune response in a subject having an infection by a 
1 5 pathogen causing tubCTCulosis. malaria, tularemia, colibacillosis, etc. 

The invention is also suitable to treat (e.g., to stimulate an immune response in) a subject having an 
autoimmune disease, such as diabetes, multiple sclerosis, rheumatoid aithiitis, etc. or a subject 
having an allergic disease, including asthma, airway hyper-responsiveness, etc. 

Unless otherwise indicated, the dosages for administration to a warm blooded animal, particularly 
humans provided herem are indicated in pure form (anionic form) of the respective conq)ound. 
Purity level for the active ingredient depending on the synthesis batch can be used to adjust the 
dosage fiom actual to anionic form and vice-versa. 



20 



25 



30 



Synthetic yS T lymphocyte activators 

An advantageous aspect of this invention resides in the use of a synthetic ydT lymphocytes 
activating compound. Indeed, the invention shows that a potent and targeted expansion and 
activation of y5T cells can be obtained in vivo by trigerring one single metaboUc pathway, using 
defined activating conq>ounds following a particular administration schedule. 



The term "synthetic yST lynq)hocyte activating compound", and the term "synthetic y5T cell 
activating con5)ound" used interchangeable, designates a molecule artificially produced, which can 
35 activate yST lynq>hocytes. More particularly, the term synthetic y5T lymphocyte activating 
con^jound designates a molecule produced ex vivo or in vitro. Jt is more preferably a Ugand of the 
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T receptor of yST lymphocytes. Ths activator may by of various nature, sudi as a p€^>tide, lipid, 
small molecule, «*c. It may be a purified or otherwise artificially produced (e.g., by chemical 
synthesis, or by microbiological process) endogenous Ugan4 or a fiagment or draivative thareof, or 
an antibody having substantially the same antigenic specificity. The activator is most pref^ably a 

5 synthetic chemical compound capable of selectively activating Vy9V62 T lyn^hocytes. Selective 
activation of Vy9V82 T lymphocytes indicates that the compound has a selective action towards 
specific cell populations, and essentially does not activate other T ceU sub-types, such as V61 T 
cells. Such selectivity, as disclosed in the present appUcation, suggests that preferred compounds 
can cause a selective or targeted activation of the proliferation or biological activity of Vy9V52 T 

10 lymphocytes. 

Preferably a synthetic y6 T lymphocyte activator is a conqwund capable of regulating the activity 
of a yS T ceU m a population of yS T cdl clones in culture. The synthetic y5 T lyn5>hocyte is 
capable of regulating the activity of a y5 T cell population of yS T ceU clones in a at millimolar 

1 5 concentration, preferably when the yS T ceU activator is present in culture at a concentration of less 
than 100 mM. Optionally a synthetic y5 T lymphocyte is capable of regulating the activity of a y6 T 
cell in a population of y6 T ceU clones at millimolar concentration, preferably when the y5 T ceU 
activator is present in culture at a concentration of less than 10 mM, or more preferably less than 1 
mM. Regulating the activity of a y5 T cell can be assessed by any suitable means, preferably by 

20 assessing cytokine secretion, most preferably TMF-a secretion as described herein. Methods for 
obtaining a population of pure y5 T ceU clones is described in Davodeau et al, (1993) and Moreau 
^ al, (1986), the disclosures of which are incorporated herein by reference. Preferably the 
conq>ound is capable of causmg at least a 20%, 50% or greater increase in tiie number of y5 T cells 
in culture, or more preferably at least a 2-fold increase in the number of y5 T cells in culture. 



25 



Syntiietic y5 T lymphocyte activators comfaise the compounds of formula (J) : 



R 




^ O 



OrCar 



OCat^ 

m 

Formula (I) 

wherdn Cat+ represents one (or several, identical or different) organic or mineral cation(s) 

(including proton); 
30 m is an Integra' fix>m 1 to 3; 

B is O, NH, or any grotq) capable to be hydrolyzed; 
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Y = 0"Cat+, a C1-C3 alkyl group, a group -A-R^ or a radical selected from the group consisting of a 
nucleoside, an oligonucleotide, a nucleic acid, an amino acid, a peptide, a protein, a 
monosaccharide, an oligosaccharide, a polysaccharide, a fatty acid, a simple lipid, a complex lipid, 
a folic acid, a tetrahydrofolic acid, a phosphoric acid, an inositol, a vitamin, a co-enzyme, a 
5 flavonoid, an aldehyde, an epoxyde and a halohydrin; 
Ais O, NH, CHF, CF2 orCH2; and, 

R is a linear, branched, or cyclic, aromatic or not, saturated or unsaturated, Ci-Cso hydrocarbon 
group, optionally interrupted by at least one heteroatom, wherein said hydrocarbon group 
comprises an alkyl, an alkjdenyl, or an alkynyl, preferably an alkyl or an alkylene, which can be 
10 substituted by one or several substituents selected from flie gjcoixp consisting of : an alkyl, an 
alkylenyl, an alkynyl, an q)oxyalkyl, an aryl, an heterocycle, an alkoxy, an acyl, an alcohol, a 
carboxylic group (-COOH), an ester, an amine, an amino group (-NH2), an amide (-CONH2), an 
imine, a nitrile, an hydroxyl (-OH), a alddiyde group (-CHO), an halogen, an halogenoalkyi, a thiol 
(-SH), a thioalkyl, a sulfone, a sulfoxide, and a combination thereo£ 

15 

In a particular embodiment, the substituents as defined above are substituted by at le£Lst one of the 
substitUCTits as specified above. 

PrefCTably, the substituents are selected from the group consisting of : an (Ci-C6)alkyl, an (C2- 
20 C6)alkylenyl, an ((i-C6)alkynyl, an (C2-C6)epoxyalkyl, an aiyl, an heterocycle, an (Ci-C6)alkoxy, 
an (CVC6)acyl, an (Ci-C6)alcohol, a carboxylic group (-COOH), an (C2-C6)ester, an (Ci-C6)amine, 
an amino groiq> (-NH2), an amide (-CONH2), an (Ci-C6)imine, a nitrile, an hydroxyl (-OH), a 
aldehyde groiq) (-CHO), an halogen, an (Ci-C6)halogenoalkyl, a thiol (-SH), a (Ci-C6)thioalkyl, a 
(Ci-C6)sulfone, a (Ci-C6)sulfoxide, and a combination thereof. 

25 

More preferably, the substituents are selected from the group consisting of : an (Ci-C6)alkyl, an 
(C2-C6)epoxyalkyl, an (C2-C6)alkylenyl, an (Ci-C6)alkoxy, an (C2-C6)acyl, an (Ci-C6)alcohol, an 
(C2-C6)ester, an (Ci-C6)amine, an (Ci-C6)imine, an hydroxyl, a aldehyde group, an halogen, an (Ci- 
C6)halogenoalkyl, and a combination thereof. 

30 

Still more preferably, the substituents are selected from the group consisting of : an (C3- 
C6)&poxyaikyl an (Ci-C3)alkoxy, an (C2-C3)acyl, an (Ci-C3)alcohol, an (C2-C3)ester, an (Ci- 

to 

C3)amiQe, an (Ci-C3)imine, an hydroxyl, an halogen, an (Ci-C3)halogenoallgd, and a combination 
thereof, and a combination thereof. Preferably, R is a (C3-C25)liydrocaibon group, more preferably 
35 a (C5-Cio)hydrocarbon group. 
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In the context of the present invention, the term "alkyl" more specifically means a group such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, fe/t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, xmdecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, 
nonadecyl, eicosyl, heneicosyl, docosyl and the other isomeric fonns thereof. (Ci-C6)alkyl more 
5 specifically means methyl, ethyl, propyl, isopropyl, butyl, isobutyl, /ert-butyl, pentyl, hexyl and the 
other isomeric forms thereof. (CrC3)alkyl more specifically means methyl, ethyl, propyl, or 
isopropyl. 

The temi "alkenyl" refers to an alkyl group defined hereinabove having at least one unsaturated 
10 ethylene bond and the term "alkynyl" refers to an alkyl group defined hereinabove having at least 
one unsaturated acetylene bond. (C2-C6)alkylene includes a ethenyl, a propenyl (1-propenyl or 2- 
propenyl), a 1- or 2- methylpropenyl, a butenyl (1-butenyl, 2-butenyl, or 3-butCTiyl), a 
methylbutenyl, a 2-ethylpropenyl, a pentenyl (1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl), an 
hexenyl (1-hexenyl, 2-hexeaiyl, 3-hexenyl, 4-hexenyl, 5-hexenyl), and the other isomeric forms 
15 thereof. (C2-C6)alkynyl includes ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 
1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexyn>d, or 5- 
hexynyl and the other isomeric forms thereof. 

The term "epoxyalkyl" refers to an aSkyl group defined hereinabove having an epoxide group. 
20 More particularly, (C2-C6)epoxyalkyl includes epoxyethyl, epoxypropyl, epoxybutyl, epoxypentyl, 
epoxyhexyl and the other isomeric forms thereof. (C2-C3)epoxyalkyl includes epoxyethyl and 
q)Oxypropyl. 

The "aryl" groiQ>s are mono-, bi- or tri-cyclic aromatic hydrocarbons having firom 6 to 1 8 carbon 
25 atoms. Examples include a phenyl, a-naphthyl, p-naphthyl or anthracenyl group, in particular. 

'Heterocycle" groups are groups containing 5 to 18 rings comprising one or more heteroatoms, 
preferably 1 to 5 endocyclic heteroatoms. They may be mono-, bi- or tri-cyclic. They may be 
aromatic or not. Preferably, and more specifically for R5, ihcy are aromatic heterocycles. Examples 

30 of aromatic heterocycles include pyridine, pyridazine, pyrimidine, pyrazine, fiiran, thiophene, 
pyrrole, oxazole, thiazole, isothiazole, imidazole, pyrazole, oxadiazole, triazole, thiadiazole and 
triazine groups. Examples of bicycles include in particular quinoline, isoquinoUne and quinazoline 
groups (for two 6-membered rings) and indole, benzdmidazole, benzoxazole, benzothiazole and 
indazole (for a 6-membCTed ring and a 5-membered ring). Nonaromatic heterocycles comprise in 

35 particular piperazine, piperidine, etc. 
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"Alkoxy" groups correspond to the alkyl groups defined hereinabove bonded to the molecnile by an 
-O- (ether) bond. (C,-Ce)alkoxy includes methoxy, ethoxy. propyloxy, butyloxy. pentyloxy. 
hexyloxy and the other isomeric forms thereof. (C..C,)alkoxy includes methoxy, ethoxy, 
propyloxy, and isopropyloxy. 

"Alcyl" groups correspond to the alkyl groups defined hereinabove bonded to the molecule by an - 
CO- (caxbonyl) group. (CrQW includes acetyl, propylacyl. butylacyl, pentylacyl, hexylacyl and 
ae other isomeric forms thereof. (C2-C3)acyl includes acetyl, propylacyl and isopropylacyl. 

10 "Alcohol" gro^^s correspond to the alkyl groups defined hereinabove containing at least one 
hydroxyl group. Alcohol can be primary, secondary or tertiary. (Q-Ce)alcohol includes methanol^ 
ethanol. pxopanol. butanol. pentanol. hexanol and the other isomeric forms thereof. (Q-C3)alcohol 
includes meflianol, ethanol, propanol and isopropanol. 



15 "Ester" groups correspond to the alkyl groups defined herdnabove bonded to the molecule by an - 
COO- (ester) bond. (C-Cs)ester includes me«hylesta:. ethylest«r, propylester. butylester. 
peotylester and the other isomeric forms thereof: (Q-C^ester includes melhylester and elhylester. 

"Amine" groups correspond to the alkyl groins defined herdnabove bonded to the molecule by an 
20 -N- (amine) bond. (Q-Ce)amine includes methylamine. ethylamine. propylamine, butylamme, 
pentylamine. hexylamine and the other isomeric forms thereof. (C,<:3)amine includes 
methylamine, ethylamine, and propylamine. 

'We" groups correspond to the alkyl groups defined hereinabove having a (-ON-) bond. (C,- 
25 Ce)imine includes methylimine. ethylimine, propylimine, butylimine, pentylimine. hexylimme and 
the other isomeric forms thereof. (C.-C3)imine includes methylimine. elhylimine. and propyhmme. 

The halogen can be CI, Br, I. or F. more preferably Br or F. 

30 "Halogenoalkyl" groups correspond to the alkyl groups defined herdnabove having at least one 
halogen. The groups can be monohalogenated or polyhalogen^ containing the same or d^ereo^ 
halogen atoms. For exan^le. the group can be an trifluoroalkyl (CF3-R). (Q-Q)halogenoalkyl 
ixK^ludes halogenomethyl. halogenoethyl. halogenopropyU halogenobutjd. halogenopen^l, 
halog««>hexyl and the odaer isomeric forms thereof. (Q-C3)halogenoalkyl includes 

35 halogenomethyl, halogenoethyl, and halogenopropyl. 



PCT/IB03/06375 



42 



nnd to the alkyl groups defined herdnabove bonded to the molecule by 

aa .S- (thioether) bond. (Q-Cs)th.oalkyl m ^c.-C3)thioalkyl includes thiomethyl, 

thiopentyl. thiohexyl and the other isom^ic fonns thereof. CC 



thioethyl, and thiopropyl. 



10 



20 



A tn the alkvl groups defined hereinabove bonded to the molecule by an 
^Sulfone" groups — -t^^^^^^^^^ .ethylsulfone. ethylsulfone. propylsulfone. 

.SCO- ^-^-^'-^^'^ZJl, other isomeric forms ^.eof. (C.^3)sulfone 
butylsulfone, pentylsulfone, hexylsuuone «m 
includes methylsulf one. ethylsulfone and propylsulfone. 

nnd to the alkyl groups defined herdnabove bonded to the molecule by 
"Sulfoxyde-g^upscorrespondto^e^^ ^ ^^^Isulfoxide. edaylsulfoxide. 

^ .SO- (sulfoxide) group. CC.-C'>>^^o«d ^^^^ 
,„,,l^o.d. b^o^d.^^^ — " 
thereof. (Ci-C3)sulfoxide mcludes memy 
15 isopropylsulfoxide. 

'Heteroatom" draotes N, S, or O, 

tttole, a pyridine a py™^ • K-^- ;;7^,<^ea=. a pytoto or an imidazole. 
Preferably, said alcohol is a (Ci^3)alcohol. 

C..)an^«^l mora prrfoably a ^ is scI.o«d ftom 

.^Watiaa^o^Sm^oaal ^^^^^^'^ ^ » 

Op^a^y. said -^^^ ^.P is -ta (EH-.>y^^-3- 

«™ isoto (E). In a most pretaiad amboto«^ ^ 

^.2*,a«.yl. 6. an other prrftaad «abcdm««, 4a allcylcnyl group gr w 

an dimathylaJlyl or an hydKxydimelhylallyl. 



25 



30 
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la an additional embodiment, the hydrocarbon group is an alkyl group substituted by an acyl. More 
preferably, the hydrocarbon group is an (C4-C7)alkyl group substituted by an (Ci-C3)acyl. 

5 In a further prefrared anibodiment, R is selected ftom the group consisting of : 



1) 



OH 

I 

— (CH2)„— C — Rz 

wherein n is an integer fiom 2 to 20, Ri is a (Ci-C3)al]cyl group, and Ra is an halogeawted (C,- 
C3)aIlQrl, a (Ci-C3)alkoxy-(Ci-C3)alkyl, an halogenated (C2-C3)acyl or a (Ci-C3)alkoxy-<C2-C3)acyL 

10 Preferably, Ri is a methyl or ethyl group, and R2 is an halogenated methyl (-CH2-X, X being an 
halogen), an halogenated (C2-C3)acetyl, or (Ci-C3)alkoxy- acetyl. The halogenated methyl or acetyl 
can be mono-, di-, or tri-halogenated. Preferably, n is an integer from 2 to 10, or fiom 2 to 5. In a 
more preferred embodiment, n is 2. In a most preferred embodiment, n is 2, Ri is a methyl and R2 is 
an halogaiated methyl, more preferably a monohalogeaiated methyl, still more preferably a 

15 bromide methyL In a particularly preferred embodiment, n is 2, Rj is a methyl, R2 is a methyl 
bromide. In a most prefored enibodiment, R is 3-(bromomethyl)-3-butanol-l-yl. 



2) 




(CH2)„ 

wherein n is an integer from 2 to 20, and Ri is a mefliyl or ethyl grovp. Prrferably, n is an mteger 
20 from 2 to 10, or from 2 to 5. In a more preferred embodiment, n is 2 and RI is a methyl. 



3) 



-W 



wherein R3, R4, and R5 , identical or different, are a hydrogen or (Ci-C3)alkyl group, W is -CH- or 
-N-, and Rfi is an (C2-C3)acyl, an aldehyde, an (Ci-C3)alcohol, or an (Q-C3)ester. More prefcarably, 
25 R3 and R5 are a methyl and R4 is a hydrogen. More preferably. Re is -CH2-OH, -CHO, -CO-CH3 or 



PCT/IB03/06375 



44 

-CXD-OCHs. OptionaUy, the double-bond between W and C is in confonnation trans (E) or cis (Z). 
More preferably, the doxible-bond between W and C is in conformation trans (E). 

The group Y can allow to design a prodrug. Therefore, Y is enzymolabiie group which can be 
cleaved in particular regions of the subject. The groiq) Y can also be targeting group, hi a preferred 
embodunent, Y is O Cat+. a group -A-R, or a radical selected fix)m the groiq) consisting of a 
nucleoside, a monosaccharide, an epoxyde and a halohydrin. Preferably. Y is an enzymolabUe 
group. Preferably, Y is 0-Cat+, a group -A-R, or a nucleoside. In a first preferred embodunent, Y is 
0"Cat+. In a second preferred embodimmt, Y is a nucleoside. 

In a preferred embodiment, Cat^ is iT. Na^ NH**, K% Li*, (CH3CH2)3NH", 
In a preferred embodunent, A is O, CHF, CF2 or CH2. More preferably, A is O or CH2. 
15 hi a preferred embodiment, B is O or NH. More prefraably, B is O. 
hi a preferred embodiment, m is 1 or 2. More preferably, m is 1. 

hi one particular embodunent, synthetic y5T lymphocyte activators comprise the compounds of 
20 formula (IQ: 



10 



30 



c 

H. 



-(CH2)n-A-[-P-B4 



m 

R1 6-Cat+ 0-Cat+ 



(n) 



m which X is an halogen (prefeaably selected from I, Br and CI), B is O or NH, m is an integer 
fiom 1 to 3, Rl is a methyl or ediyl group, Cat+ represents one (or several, identical or different) 
25 organic or mmeral cation(s) (mcluding the proton), and n is an integer fi-om 2 to 20, A is O, NH, 
CHF, CF2 or CH2, and Y is 0-Cat+, a nucleoside, or a radical -A-R, wherem R is selected from the 
group of 1), 2) or 3). Preferably, Y is 0-Cat+. or a nucleoside. More preferably, Y is 0-Cat+. 
Preferably, Rl is a methyL Preferably, A is O or CH2. More preferably, A is O. Preferably, n is 2. 
Preferably, X is a bromide. Prefoably, B is O. Preferably, m is 1 or 2. More preferably, m is 1. 



syiitheti< 
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X 



OH 



o 



c 



(CHg)!!— 0-[-'?— O"] 



m 



R1 



0-Cat+ 0-Cat+ 



OH 



O 



X 0 



(CH>-C+P-0- 



m 



R1 



0-Cat+ 0-Cat+ ^ 

wherein X, Rl , n, m and Y have the aforementioiied meaning. 

Li one prefeaa«d embodiment, synthetic y5T lynq>hocyte activators con^rise the con?)ounds of 
foimula (V): 



10 



OH 



H, 



(CH2)n— O 



O 



— O 



O 



R1 



0-Cat+ 0-Cat+ 



(V) 



in which X is an halogen (preferably selected fix)m I, Br and CI), Rl is a metiiyl or ethyl group, 
Cat+ represents one (or sevaal, identical or dififcarait) organic or mineral cation(s) (including the 
proton), and n is an integer fixmi 2 to 20. Preferably, Rl is a methyl. Preferably, n is 2. Preferably, 
X is a bromide. 



15 In a most preferred CTibodiment, synthetic yST lyn^ihocyte activators conq>rise tbe coa 
formula (VI): 



tmd of 



OH 



O 



Br 



0 
H, 



(CH2)2— O-lf-O 



I 



CH. 



3 O- 
Pref erably x Cat+ is 1 or 2 Na+. 



O- 



O- ,xCat+ 



BrHPP 



(VI) 



20 Li an oflier most preferred embodiment, synthetic yST lymphocyte activators conq)rise the 
compound of formiila (VBD- 
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OH 
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H 



(CH2)2 



CH, 
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\ 


c— P— o- 






H2 1 






0- 


0- 



o- 



,xCat+ 

CBrHPP 



(VII) 



Preferably x Cat+ is 1 or 2 Na*. 



10 



15 



In one particular embodiment, synthetic yST lymphocyte activators comprise the conqwnnds of 
formula CVm): 

D O O 




(CH2)n— a4-?"~B-] 



m 



0-Cat+ 0-Cat+ (ym) 

in which Rl is a methyl or ethyl groiq), Cat+ represents one (or several, identical or differeut) 
organic or mineral cation(s) (including the proton). BisOorNH,misan integer from 1 to 3 . and n 
is an integer from 2 to 20. A is O. NH. CHF. CF2 or CH^, and Y is O CatH-. a nucleoside, or a 
radical -A-R, wherein R is selected from the group of 1). 2) or 3). Preferably, Y is 0-Cat+, or a 
nucleoside. More preferably. Y is 0-Cat+. Preferably. Rl is a mefliyL Preferably, A is O or CH^. 
More preferably. A is O. Preferably, n is 2. Preferably, B is O. Preferably, m is 1 or 2. More 
preferably, m is 1. 

For example, synthetic y5T lymphocyte activators com^ the conqwunds of formula (DC) or (X) 



20 




(CH2)n-0-{- 







1 




m 


p 



0-Cat+ 0-Cat+ 



(DQ 




O O 
(CH2)n-C+P-0-tlj*— Y 

0-Cat+ 0-Cat+ 

wherein Rl, n, m and Y have the above mentioned meaning. 



V 
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In one preferred embodiment, synthetic yST lymphocyte activators comprise the compounds of 



fonnula (XI): 




O 



(CH2)n— O— P— O 



9 
I 



0-Cat+ 0-Cat+ 

in which Rl is a methyl or ethyl group. Cat+ represents one (or several, identical or different) 
organic or mineral cation(s) (including tiie proton), and n is an integer from 2 to 20. Preferably, Rl 
is a methyL Preferably, n is 2. 

Jn a most preferred anbodiment, synthetic y5T lymphocyte activators con^rise the con5)ound of 
formula (XT): 

O Ci 
Lo— P— O- '^^'^^ ^ 




(CH2)2 



O- 



o- 



EpoxPP 



Pteferably x Cat+ is 1 or 2 Na+. 



15 



20 



formula (XII): 
R5 

R6 



R3 



:W C 



syntheti( 



J 







1 




m 


P 



0-Cat+ 0-Cat+ 



25 



R4 vj-y^M-^ v^c. 

in which R3, R4, and R5 , identical or different, are a hydrogen or (C,-C3)allcyl group, W is -CH- or 
-N-, R6 is an (C2-C3)acyl, an aldehyde, an (C,-C3)alcohol. or an (C2-C3)ester. Cat+ represents one 
(or Ljveral, identical or different) organic or mineral cation(s) (including the proton), B is O or NH, 
m is an integer from 1 to 3, A is O. NH. CHF. CF^ or CH^. and Y is 0-Cat+, a nucleoside, or a 
radical -A-R, wherein R is selected from the group of 1), 2) or 3). Preferably. Y is 0-Cat+, or a 
nucleoside. More preferably. Y is 0-Cat+. Preferably. A is O or CH2. More preferably. A is O. 
More preferably, R3 and R5 are a methyl and R4 is a hydrogai. More preferably, R* is -Oh-OH, - 
CHO, -CO-CH3 or -CO-OCH3. Preferably. B is O. Preferably, m is 1 or 2. More prefiaably, m is 1. 
Optionally, the double-bond betwe«i W and C is in conformation trans (E) or ds (Z). More 
preferably, the double-bond between W and C is in conformation trans (E). 
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For example, synthetic y5T lymphocyte activators conqjiise the compounds of formula Qi 
(XIV): 



0 or 



R6 



R4 



0-Cat+ 0-Cat+ 



(xm) 



R5 



R6 



:W 



R3 



I 



.J -J 



0-Cat+ 0-Cat+ 



(XrV) 



whoein R3, R4, R5, R6, W, m, and Y have the above mentionned meaning. Preferably, W is -CH-. 
Preferably, R3 andR4 are hydrogai. Preferably, R5 is a methyl. Preferably, R6 is -CH2-OH. 



In a most preferred embodiment, synthetic y5T lymphocyte activators con^iise the compound of 
formula (XV): 




O 



— O 



O- 



O- 



(XV) HDMAPP 



In an other most preferred embodiment, synthetic yST lyn[^hocyte activators conq>rise the 
con:q)ound of formula (XVI): 




P— O 



OH 



I 

o- 



o- 



PCVI) CHDMAPP 



Specific exanq>les of compounds include : 
(E)l-pyrDphosphonobuta-l ,3-diene 
(E) 1 -pyrophoq>honopenta-l ,3-diene 
(E)l -pyrophosphono-4-methylpenta-l »3-diene 
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(E,E) 1 -pyrophosphono-4,8-dimethylnona-l ,3 ,7-triene 

(E JS,E) 1 -pyrophosphono-4,8, 1 2-trimethyltrideca- 1 ,3 ,7, 1 1 -tetraene 

(E,E) 1 -triphosphono-4,8-dimethylnoiia-l ,3 ,7-tiiene 

4- triphosphono-2-niethylbutene 

5 a,p-di-[3-methylpent-3-enyl]-pyrophosphonate 
l-pyrophosphono-S-methylbut-Z-ene 
a,y-^-[3-methylbiit-2-enyl]-triphoq>honate 

o^pKli43-methylbut-2-e!iyl]-pyrophosphonate 
allyl-pyrophosphonate 
1 0 allyl-triphosphonate 

a»y-di-allyl-pyropho5phonate 
a,p-di-allyl-triphosphonate 

(E3)4-[(5*-pyrophosphono-6'-methyl-penta-2\4'-dieayloxy^ 
(E3)4-[(5'-Mphosphono-6*-methyl-peiita-2%4'-dieayloxy^ 
15 (E33)[4-(9'-pyiophosphono-2%6'-dimethyl-noiia-2\6%8'-trie^^ 
methanone 

(P33)[4<9'"pyrophDsphono-2%6%8*-trimethyl-nona-2%6%8'^ 
methanone 

5- pyrophosphono-2-methypmteiie 
20 5-triphosphono-2-inetiiypentene 

a,y-cU"[4-methylpent-4-enyl]-triphosphonate 

S-pyrophosphono-2-metfaypent-2-^e 

S-tiiphosphono-2-methypeDt-2-eae 

9-pyrophoq)hono-2,6-dimel3iynona-2,6-diene 
25 9-triphosphono-2,6-dimethynona-2,6-diene 

o^yKii-[4,8-dimethylnona-2,6-dienyl]-triphosphonate 

4-pyrophosphono-2-methybutene 

4Htnethyl-2K)xa-pent-4-enyloxymethylpyiophDqphate 

4-methyl-2-oxa-pent-4-enyIoxymethyltriphosphate 
30 a,P-di-[4"methyl-2-oxa-pent-4-eayloxymethyi3-^^ 

ot,Y-Kii-[4-methyl-2K)xa-pent-4-enylo:QTnethyl]-tri^ 

Phosphohalohvdrins fR=l^ ^ ^ 

3- <haloiDethyl)-3-butanol-l -yl-dq)hosphate 
35 3-(halomethyl)-3-pentanoH-yl-diphsophate 

4- (lialomethyl)-4-pentanoH -yl-diphosphate 



4- (halometIiyl>4-hexanol-l -yl-diphosphate 

5- (halomethyl)-5-hexanoH -yl-diphosphate 

5- 0ialomethyl>5-heptanol- 1 -yl-diphosphate 

6- (halomethyl)-6-heptanol-l -yl-diphosphate 

6- (halomethyl)-6-octanol-l -yl-diphosphate 

7- (halomethyl)-7-octanol-l -yl-diphosphate 

7- (halomethyl)-7-noiianol-l -yl-diphosphate 

8- (halomethyl)-8-nonanoH -yl-diphosphate 

8- (halomethyl)-8-decanol- 1 -yl-diphosphate 

9- (halomethyl)-9-decanol-l-yl-diphosphate 

9- (halomethyl)-9-undecanol-l-yl-diphosphate 

1 0- (haloniethyl)-l 0-undecanol- 1 -yl-diphosphate 
1 0-(halomethyl)- 1 0-dodecanol-l -yl-diphosphate 

I l-(halomethyl)-l 1-dodecanol-l -yl-diphosphate 

I I -(halomethyO-l 1 -tridecanol-1 -yl-diphosphate 
1 2-(halomethyl)-l 2-tridecanol-l -yl-diphosphate 

12- (halomethyl)-12-tetradecanol-l-yl-diphosphate 

13- (halomethyl)-13-tetradecanol-l-yl-diphosphate 

1 3- (halomethyi)-l 3-pentadecanol-l -yl-diphosphate 

1 4- (halomethyl)-l 4-peiitadecanol-l -yl-diphosphate 

14- 0)alomethyl)-14-hexadecanol-l-yl-diphosphate 

1 5- (halomethyl)-l S-hexadecanol-1 -yl-diphosphate 

1 5- 0ialome£hyl)-l S-hq>tadecanol-l -yl-diphosphate 

1 6- (halomethyr)-l 6-heptadecanol-l -yl-diphosphate 

1 6- (haloniethyl)-l 6-octadecanol- 1 -yl-diphosphate 

1 7- 0ialomethyi)-l 7-octadecanol-l-yl-diphosphate 

1 7- (halomethyl)-l 7-noiiadecanol-l-yl-diphosphate 

1 8- 0ialomethyl>l 8-nonadecanol-l-yl-diphosphate 

1 8- (halomethyl)-l 8-eicosanol-l-yl-diphosphate 

1 9- (halomethyl)-l 9-eicosaQol-l -yl-diphosphate 

1 9- (halomethyl)- 1 9-heneicosaiiol-l -yl-diphosphate 

20- (haloinefliyl)-20-heneicosanol-l -yl-diphosphate 

20- (halomethyl)-20-docosanol-l -yl-diphosphate 
2 1 -(halomethyl)-2 1 -docosanol-1 -yl-diphosphate 

21- (halomethyl)-21-tricosaiiol-l -yl-diphosphate 



..More particularly. 
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3-(bromomethyl)-3-butaiioH-yl-diphosphate (BrHPP) 
5-biomo-4-hydroxy-4-inethylp©atyl pyrophosphonate (CBrHPP) 
3-<iodomethyl)-3-butanoH-yl-diphosphate (IHPP) 
3-(cUoromethyl)-3-biitanol-l-yl-diphosphate (CIHPP) 
3-(bromomethyl)-3-butanoH-yl-triphosphate (BrHPPP) 
3-<iodomethyl)-3-butanoH-yHxiphosphate (IHPPP) 
a,yHU-[3-(broniomethyl)-3-butanol-l-yl]--triphosphate (diBrHTP) 
a,y-di-[3-(iodomethyl)-3-butanol-l-yl]-triphosphate (diHTTP) 

Phosphoepoyvdes CR=2^ ^ ^ 
3,4-epoxy-3-methyl-l-butyl-diphosphate (Epox-PP) 
3,4,-^oxy-3"methyl-l-butyl-triphosphate (Epox-PPP) 
a,y-<U-3,4,-^poxy-3-me1iiyl-l-butyl-triphosphate (di-Epox-TP) 

3.4- ^oxy-3-etbyH -butyl-diphosphate 

4.5- epoxy-4-niethyl-l -praityl-diphosphate 

4.5- ^oxy-4-ethyH -pentyl-diphosphate 

5.6- epoxy-5-methyl-l-hexyl-diphosphate 

5.6- epoxy-5-ethyH -hexyl-diphosphate 

6.7- epoxy-6-methyH -heptyl-diphosphate 

6.7- epoxy-6-efliyH-heptyl-diphosphate 

7.8- epoxy-7-inetliyH -octyl-diphosphate 

7.8- ^03Q^-7-ethyl- 1 -octyl-diphosphate 

8.9- epoxy-8-metliyl-l -nonyl-diphosphate 

8.9- epoxy-8-ethyl-l-nonyl-diphosphate 

9.10- epoxy-9-inediyl-l-decyl-diphosphate 
9, 1 0-epoxy-9-ethyl-l -decyl-diphosphate 

10,1 1-epoxy-lO-methyl-l-undecyl-diphosphate 

10.1 1- epoxy-lO-ethyH-undecyl-diphosphate 

1 1.12- epoxy-l 1-methyl-l-dodecyl-diphosphate 

11.1 2- epoxy-l 1 -ethyl-l -dodecyl-diphosphate 

1 2. 1 3- epoxy-l 2-methyl-l -tridecyl-diphosphate 

12.13- epoxy-12-ethyH-tridecyl-diphosphate 

1 3. 14- epoxy-l 3-methyl-l "tetradecyl-diphosphate 

13.14- qpoxy-13-e&yl-l-tetradecyl-diphosphate 

14.1 5- q)oxy-14-mediyl-l-pe!itadecyl-diphosphate 
14,15-q)oxy"14-ethyl-l-pentadecyl-diphosphate 
15,r6-q)6xy-15-mefliyl-l-bexadecyl-Kiiphosph^ 
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15.16- epoxy-l 5-ethyl-l-hexadecyl-diphosphate 

16.17- epoxy-16-methyl-l-heptadecyl-dipliosphate 

16.17- q?oxy-16-ethyl-l-lieptadecyl-diphDsphate 

17.18- epoxy-17-methyl-l-octadecyi-diphosphate 
5 i7,i8-epoxy-17-efliyl-l-octadecyl-diphosphate 

1 8.19- ^oxy-l g-mefliyl-l-nonadecyl-diphosphate 
1 8,19-epoxy-l g-cfliyl-l-nonadecyl-diphosphate 
19;20-epoxy-19-methyH-eicosyl-diphosphate 
19^0-«poxy-19-«thyl-l-eicosyl-dipho£5)hate 

10 20,21-epoxy-20-methyl-l-heneicosyl-diphosphate 

20.21- epoxy-20-ethyH-heneicosyl-diphoq)hate 

21 ^-epoxy-21 -methyl-1 -docosyl-diphosphate 

21 .22- epoxy-21-etJiyl-l-docosyl-diphoq>hate 



1 5 More particularly, 

3,4-ej)oxy-3-methyl-l-b\ityl-diphosphate(Epox-PP) 

3,4,-epoxy-3-methyl-l-butyl-triphosphate(Epox-PPP) 

a.Y-<ii-3,4,-q>oxy-3-methyl-l-butyl-triphosphate(di-Epox-TP) 

uridine 5'-triphDsphate -(3.4-epoxy methyl biityl) (Epox-UTP) 



20 



(E)^hydioxy-3-niethyl-2-butenyl pyrophosphate (HDMAPP) 
(E).5-hydroxy^methylpent-3-enyl pyrophosphonate (CHDMAPP) 

25 Iliesecon..o^n.ybeproducedacooxdingtovaxiousteohniques^^^ 

of which being disclosed in PCT PubUcations nos. WO 00/12516. WO 00/12519. WO 03/050128. 
and WO 03/009855. the disclosures of which are incorporated herein by reference. 

m a nK,st preferred embodiment, the synthetic yST lyn,»hocyte activating compound is selected 

„f nnMAPP CHDMAPP, Epox-PP. BrHPP and CBrHPP, more 
30 from the ffoap consistmg of HDMAFi'. i^tUJioArr, 

preferably HDMAPP, CHDMAPP. BrHPP and CBrHPP. still more preferably HDMAPP. 

Alternatively, althou^ potentially less efficient. oU.er activators for use in theprese^ inv^c«. 
arephosphoantigens disclosed in WO 95/20673. isopentenyl pyrophosphate (IPP) (US 5.639.653) 
35 and 3-methyIbut-3^yl pyrophosphonate (C-IPP). IHe disclosures of both references are 
incoiporated herein by refeence. 
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10 



Compounds comprising a nucleoside as Y group can be prepared, for example, by the following 
reactions. Depending on the type and reactivity of the functional groups provided by Y. the 
professional is able to adapt the foUowing exanq,les. if necessary including the phases of 
protection/non-protection of the sensitive functional groups or those that can interact witii ibc 
coupling reaction. 

^_^_pp N"o'-Q-V . R_A-PPO-Nucl 

acetonitrile Reaction A 



or 



A_ppp '^"^"Q"^ ^ R-A-PPPO— Nucl 

acetonitrile Reaction B 



where -O-V is a good group begimung with V chosen, for exanq,le. from among tosyle. mesyle. 
triflyle, brosyle or bromium. PP represents the pyrophosphate group. PPP represents the 
triphoq>hate group, R-A- has the above mentiomied meaning and Nuclis a nucleoside. Preferably, 
Nucl-O-V is selected from the group consistihg of: 5'43-Tosyladenosine. 5'^-Tosyluridine, 5'-0-. 
15 Tosylcytidine. 5'-0-Tosylthymidine or 5'-0-Tosyl-2'-deoxyadenosme. 

For exanq>le, for the compoxmd with R of group 1), tiie reaction procedure can be the foUowing: 
CHz 

_ il_(CH 2) n -opp N"^"Q"^ ^ R,-C-(CH a) n-OPPO-NucI 

acetonitrile 

CH, OH 

p r— rCH ^n— OPPO-Nud > X— HaC-C- nlH^C)- OPPQ-Niicl 

Ri— C {CH2)n OPPO Nua ^gutralpH | 

Rl 

20 where -O-V is a good group beginning wifli V chosen, for example, from among tosyle. mesyle. 
triflyle. brosyle or bromium. PP represents the pyrophosphate group and Nucl is a nucleoside. 
Preferably. Nucl-O-V is selected from the group consisting of : 5'^-Tosyladenosine. 5'-0- 
Tosylurid^e, S'^D-Tosylcytidine. 5'-0-Tosylthymidine or S'O-Tosyl-r-deoxyadenosme as 
described in Davisson et al. (1987), flie disclosure of whidi is incorporated herein by reference. 

25 Neutral pH is a nucleophile substitution reaction that can be carried out m conditions similar to 
those described by Davisson et al. (1987); and Davisson et aL (1986). the disclosures of whidx are 
incorporated herein by reference. 
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This reaction can also be used to prqrare conqwund comprising a monosaccharide as group Y. In 
this case, Nucl-O-V is replaced by MonoSac-O-V, wherein Monosac is monosaccharide. For 
example.'it is possible to use the MonoSac-O-Y group corresponding to compound Methyl-6^- 
tosyl-alpha-D-galactopyianoside as descaibed in publication Nusson and Mosbach, (1980) . 
5 incorporated herein by reference, or the commercially avaUable mannose triflate compound. 

This reaction can further be used to prepare compound coinprising a oUgosaccharide as group Y. In 
this case, Nucl-O-V is r^laced by oUgoSac-O-V, wherein oUgoSac is an oUgosaccharide. For 
example, it is possible to use the oUgoSacO-Y group corresponding to coDq)Ound 6^-O-p- 
10 Toluenesulfonyl-B-cyclodextrin as described inpubUcation (Organic syntheses, VoL 77, p 225-228, 
the disclosure of which is incorporated herein by refereaice). 

This reaction can be used to prepare compound comprising a polysaccharide as group Y. In this 
case. Nucl-O-V is r«?)laced by polySac-O-V, wherein polySac is a polysacdiaride. For example, it 
15 isp<issibletousethepolySacO-Ygroup corresponding to tosylated polysaccharide as described in 
pubUcation Nilsson et al., (1981); and Nilsson and Mosbach. (1980). the disclosures of which are 
incorporated herein by reference. TTiis coxq)ling technique based on the activation of Ihe hydroxyl 
groups of a polysaccharide support by tosylation allows for covalent coupling in an aqueous or an 
organic medium. 

20 

This reaction can also be used for preparing compound comprising an aldehyde derivative as group 
Y by choosing, instead of Nucl. a derivative including a protected aldehyde function in tiie form of 
an acetal or any other scoop protecting this functiorL 

25 Alternatively, compounds comprising a nucleoside as Y grovq> can be pr^aied by the following 
reaction: 

1) Nucl-O-PPP, carbodifmide 

DMF/Methanol k, ^ 

f^_AH *- R- APPRO -Nud 

2) Triethylamine, DMF Reaction C 

where PPP represents ihe triphosphate group. R-A has the above mentionned meaning, DMF is 
dimethylformamide, and Nucl is a nucleoside. This reaction can be carried out in conditions similar 
30 to those described by Knorre et al.(1976). or by Bloom et aL, United States Patent No. 5.639,653 
(1997), the disclosures of which are incorporated herein by reference, fiom alcohol and a 
nucleotide with formula Nucl-O-PPP. 

For example, for the conqjound with R of group 1), the reaction procedure can be flie foUowing: 
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CH 

CH 2 1 \ Ml ir-LO-PPP narhodilmide n ^ 



5 



CM 2 1) Nucl-O-PPP, carbodiimide n 

II DMF/Methanol II „^ ^, , 

R,_i_(CH2)n— OH *- Ri— C— (CH2)n— OPPPO-NucI 

2) Triethyfamine, DMF 

CHa OH 
Ri-C— (CH2)n— OPPPO-Nucl „^„;|^,pH " X— CHj— C -n(H2C)-OPPPO-Nucl 

wheae PPP represents the triphoq>hate 0»up, DMF is dinjethylfonnamide, and Nucl is a 
nucleoside. 

This reaction can also be spplied to the preparation of oligonucleotides 5 '-triphosphate ?-esters as 
indicated by the aufliors of publication Knorre et aL (1976). 

Compounds comprising a nucleic acid as Y groiq), more particularly a ribonucleic acid, can be 
10 prepared in conditions sunilar to those described in pubUcation F. Huang et al (1997). The authors 
describe a universal meJhod from catalytic RNA that is appUcable to any molecule comprismg a 
free terminal phosphate group. Conq)ounds structurally related to the phosphohalohydrine group 
such as isopentenyl pyrophosphate or thiamine pyrophosphate are used or mentioned by these 
authors (see p. 8968 of F. Huang et al (1997)). It should also be noted that the experimental 
15 conditions for the coupling procedure (in particular pH conditions) described m the section « 
Reaction of Isolate 6 pppKNA with phosphate containing Nucleophiles » on page 8965 are 
compatible with the presence of a halohydrine functitm. 

Compounds comprising an amino acid, a peptide or a protein derivative as Y group can be obtained 
20 using the weU known reactivity of their primary amme or thiol fimction on an epoxyde function 
(Sn2 reaction). This type of coupling classically involves an mtermediate group still called "Imkeac" 
bearing an epoxyde function. An example of a reaction procedure using this type of coupling is 
provided below. 



R- A-PP 



tosylate giycldyl 
or epichlorohydrine 

acetonitrile 



R- A-PPO— CH 



V 



R'-SH 



R- A— OPPO— CH 2— CH2OH— S-R' 



25 

- ■ - ReactioaD 



PCT/IB03/06375 



56 



10 



where PP represents the pyrophosphate group, R-A has the above mentionned meaning and R'-SH 
is an amino add, a peptide or a protein derivative. The first phase can be carried out in conditions 
similar to those described by Davisson et al. (1987) and Davisson et al, (1986), the disclosures of 
which are incorporated herein by referaice, from the tetrabutylammonium salt of the initial 
coaspoimd and commercially available con5)ounds such as gjycidyl tosylate or epichlorohydrine. 
This reaction can also be carried out wifli thriphosphate compounds. Alternatively, a primary amine 
R'-NH2 can be used instead of R'-SH. Without the reaction with R'-SH, the first reaction can be 
used to prepare confound comprising an q»oxyde daivative. 



Alternatively, con?)Ounds conqirising an amino acid, a pg)tide or a protein derivative as Y group 
can be prepared by the following reaction: 

1) R-NH2, carbodiimlde 

R_A_ppp DMF/Methanol ^ r_ a-PPO "P-NH-R' 

2) Triethylamlne, DMF Reaction E 
where PPP represesats the triphosphate groxq), PP represents fbe pyrophosphate gmap, P represents 

15 the phosphate groiq), R-A has the above mentionned meaning and R'-NH is an amino acid, a 
peptide or a protein derivative. The reaction can be carried out in conditions smnlar to those 
described by Knone et aL (1976), the disclosure of which is incorporated herdn by reference, 
from conq>ound (R-A-PPP) and an amino acid, peptide or a protein with formula R-NHa. This 
reaction involves the protection of the sensitive functions of con^und R-NH2 or can react with the 

20 carbodiimide (in particular, the carboxyl fimction). 

Tri or tetra-n-butylammonium salts of phosphoric, pyrophosphoric, triphosphoric, tetra-phosphoric 
or polyphosphoric acid can be prepared from commercially available corresponding acids. 
Derivatives with a related structure such as derivatives of methanetrisphosphonic acid desCTibed in 
25 pubUcation liu al (1999), the disclosure of which is incorporated herein by reference, can also 
be prepared according to the reaction procedure. 

The above mentionned reactions can be extrapolated to a very large spectrum of molecules or 
biomolecules by using the reactivity of the hydroxyl. amine, phosphate or thiol functions. Thereby, 
30 inositol derivatives can be prepared according to reactions A or B by activation of the hydroxyl 
function. Derivatives of foUc acid (vitamin B9) or tetrahydrofoUc acid can be prepared according to 
reactions D or E by calling on the reactivity of the primary amine function. 

Of course, other types of coupUng can be considered and the professional can have access to a large 
35 choice-ofi:eactions7 - ■ ■ 
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Thereby, coupling by phosphorylation of carboxylic acid or phenol groups can be used for the 
formation of fatty acid, lipid or certain flavonoid derivatives. 

5 The cytokine 

As indicated above, the method is based on the use of particular combinations of active agents, 
according to particular schedules. The invention more preferably uses a cytokine in combination 
with a synthetic activator, the cytokine being an intCTleukin-2 polyp^tide. 

10 

The interleukin-2 polyp^tide may be of human of animal origin, preferably of human origin. It 
may conqirise the sequence of a wild-type human (or animal) IL-2 protein, or any biologically 
active ftagment, variant or analogue thereof, i.e., any fragment, variant or analogue capable of 
binding to an IL-2 receptor and of inducing activation of y5T cells in the method of this inveaation. 

15 

The sequence of reference, wild-type human interleukin.2 proteins is available in the art, such as in 
Genbank, under accession numbers NP000577 ; AAK26665 ; P01585 ; XP03551 1, for instance, 
the disclosures of which are incorporated herein by reference. 

20 The term "variant" designates, in particular, any natural variants, such as those resulting from 
polymorphism(s), splicing(s), mutation(s), etc. Such naturally-occurring variants may flius 
comprise one or several mutation, deletion, substitution and/or addition of one or more amino acid 
residues, as compared to a reference IL-2 protein sequence. 

25 The term 'Variant also includes IL-2 polypeptides originating from various mammalian species, 
such as for instance rodent, bovine, porcine, equine, etc. More preferably, the 11^2 polypeptide is 
of human origin, i,e., comprises the sequence of a human IL-2 protein or a variant, fragment or 
analogue thereof. 

30 The tenn •'varianf ' also includes synthetic IL-2 variants, such as any synth^c polypeptide 

comprising one or several mutation, deletion, substitution and/or addition of one or more amino 
acid residues, as compared to a reference IL-2 protein sequeace, and capable of binding to an IL-2 
receptor and of inducing activation of y5T cells in the method of this invention. Prefrared synthetic 
IL-2 variants have at least 75% identity in amino acid sequence with the primary sequence of an 

3 5 IL-2 refCTence protein, more preferably at least 80%, even more preferably at least 85 or 90%. The 
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identity between sequences may be detenmned according to various known methods such as. 
typically, using the CLUSTAL method. 

Variants also include lL-2 polypeptides encoded by a nucleic acid sequence that hybridize, under 
5 conventional, moderate stringency, with the nucleic acid sequence encodmg a reference IL-2 

protein, or a fiagment th«eof. Hybridization conditions are. for instance incubation at 40-42»C for 
12 hours in 50% foimamide. 5 X SSPE, 5 X Denhardt's solution, 0.1% SDS. 

nie IL-2 polypeptide may also be any fragment of a reference IL-2 protein which retain the abiUty 
10 to bind to an IL-2 receptor and to induce activation of y5T ceUs in the method of this invention. 
Such fiagments contain, at least, one functional domain of IL-2. such as the receptor binding site. 
Fragments contain pr^erably at least 40%. 50% or, preferably, at least 60% of the complete 
referrace sequence. 

15 Analogues designate polype?,tides using the same recq>tor as Interleukin-2 and thus mediating 
similar activation signal in a T lymphocyte. 

nie interleiikin-2 polypeptide may further comprise heterologous residues added to the natural 
sequence, such as additional amino acids, sugar. Upids. etc. This may also be chemical, enzymatic 
20 or marker (e.g.. radioactive) groups. The added residues or moiety may represent a stabilizing 
agent, a transfection-fecilitating agent, etc. 

Tho IL-2 polypeptides may be in soluble, purified form, or conjugated or conqjle^ed with an other 
molecule, such as a biologically active peptide, protein, Upid, etc. Hie lL-2 polypeptide may be 
25 produced according to techniques known in the art. such as by chemical synthesis, enzymatic 
synthesis, genetic (e.g., recombinant DNA) synthesis, or a combination thereof. An IL-2 
polypeptide of pharmaceutical grade may also be obtained &om commercial sources. 

nie interleukin-2 polypeptide is preferably administered at low doses. Le. at doses that are 
3 0 sufficient to target in vivo ceUs that express the hi^ afBnity receptor for JL2, defined as ihe tri- 
molecular conq)lex CD25/CD122/CI>130. Practically, in human, such doses have been 
experimentally defined in clinical trials as bemg con^rised between 0.2 and 2 million units per 
square meters, when injected subcutaneously (see for example buzio et al 2001). 

35 The IL-2 polypeptide is preferably administered by injection of between 0.1 and 3 MiUion Units 
per day. ov« a period of 1 to 10 days. Preferably, daily doses of between 0.2 and 2 MU per day, 
" - mire pibfoaiy^etwetai 0.2 and LSMU^fia^ 
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25 



35 



dministered. The daily dose may be administered as a single injection or in several times, typically 
two equal injections. The IL-2 treatment is preferably maintained over between 1 and 9 days, 
prefaably during 3 to 7 days. Optimum effect seems to be achieved after 5 days 



a 
in 

evea more 
treatmCTt. 



PREFERRED EMBODIMENTS OF THE INVENTION 

Inpref«red embodiments, confounds BrHPP, CBrHPP, HDMAPP. CHDMAPP and ^xPP are 
1 0 used accordiag to the methods of the invention. 

BrHPP and EpoxPP 

The synthesis of BrHPP is described in Exanq)le 1 and in Espinosa (2001), the disclosure of which 
15 is incorporated herein by reference. The synthesis of EpoxPP is described in European Patent No. 
11098 1 8B 1 , the disclosure of which is incorporated herdn by reforence. 

(1) The present invention relates especiaUy to the Mealaosat of a disease, especially a tumor, 
especially a soHd tumor, more especially one of the preferred diseases as defined above or below, 
20 characterized in tiiat a con?)Ound of formula n, m or VHI, especially BRHPP or EpoxPP, is 

administered more than once, with a two-weeldy up to ei^-weeldy, preferably between three- 
weekly or four-weeMy interval to a human in a dose that is calculated according to the formula (A) 



single dose (mg/kgKO. 1 to y) * N (A) 

where N (a whole or fractional number) is the number of weeks between treatinents (about two to 
about eight weeks), that is N is about 2 to about 8, preferably between about 3 to 4; more 
prefoably, the treatment dose is calculated according to the formula B, 

30 single dose (mg/kg)=(5 to 1 00) * N; (B) 

evKi more preferably according to the formula C, 



single dose (mg/kg)=(l 0 to 100) * N; (C) 



or still more preferably according to the formula D, 
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single dose (mg/in2)=(5 to 60) * N (P) 

where, in each of fonnulae A to D, N is about 2 to about 8 or preferably about 3 to 4 
(corresponding to intervals of about 2 to about 8 weeks and about 3 to about 4 weeks between 
S treatments); 

theconqxjundoffonnulanorin, especially BRHPP, administration preferably taking place: 

(a) about three-weekly to about four weekly, preferably Ihree-weekly or four-weekly, in a 
human in a dose that Ues between about 0.1 mg/kg and about 1 .2 g/kg. preferably between about 10 

10 mg/kg and about 1 .2 g/kg, more preferably between about 5 mg/kg and about 100 mg/kg, even 
more preferably between about 5 mg/kg and 60 mg/kg, or preferably about 20 mg/kg or 

(b) about four-weddy to about eight weekly, preferably about five-weddy, six-weekly, 
seven-weddy or eight-weekly, in a human in a dose that Ues dose is between about between about 
0.1 mg/kg and about 1.2 g/kg, preferably between about 10 mg/kg and about 1.2 g/kg, more 

15 preferably between about 5 mg/kg and about 100 mgAcg, even more preferably between about 5 

mg/kg and 60 mg/kg, or preferably about 20 mg/kg; 

the administration preferably taking place by i.v. infusion during 2 to 120 min, more preferably 
during about 5 to about 30 min. most preferably during about 10 to about 30 min. e.g. during about 
30 min. 

20 

(2) The present invention preferably relates also to the treatment of a tumor disease, most 
preferably a tumor disease having metastases, said tumor bdng selected from a gastrointestinal, 
e.g. colorectal; lung tumor, especially a non-small cell lung carcinoma; a breast tumon an 
epidermoid tumor; arenal; a genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or 
25 any metastasis thereof), most prcf^bly a gastrointestinal tumor, especially a colorectal cancer, 
more especially a gastrointestinal cancw. especiaUy a colorectal cancer; or a tumor of the 
genitourinary tract, especially a prostate cancen . where a con?K)und of formula H. IH or Vm. 
especially BRHPP or EpoxPP. is administered to a warm-blooded animal, especially a human. 

30 (3) The present invention also preferably relates to an in vivo regimen for stimulating a yS T cell in 
an individual, preferably a regimen for treatment of a tumor disease, preferably a solid tumor, or an 
autoimmune disorder or an infectious disease; wherein a composition is administered to an 
individual sudi that a con^und of formula n. EI or vm, especiaUy BRHPP or EpoxPP is 

administered once in a dose that is 
35 (a) between about the EC50 value and the EClOO value, more preferably at least 1 10%, 

120%, 150% or 175% of the EC50, to a human 
- (b>bet«reen about 0.-1 mg/kg and about 100 mg/k& to a-human -- - 
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and, if required, one or more (preferably at least two, at least three, at least four, at least 
five, at least six, at least eight or at least ten) further doses each within the dose range mentioned 
above for the first dose are administered in fijrther treatment cycles, preferably each dose after a 
period of time that allows for sufficient recovery of the y5 T ceU population to basal levels in the 
treated individual ftom each preceding dose administration, especially more than one week, more 
than two wedcs after the preceding treatment, more especially two to eight weeks, most especially 
three to four weeks afl«r the preceding treatment, especially three weeks after that treatment 

More preferably, under (1) to (3) a compound of fomiula n, HI or VIII, especially BRHPP or 
EpoxPP is administered toee-weddy to a huinan in a dose that lies between about 0.1 mg/kg and 
about 1 .2 g/kg, preferably between about 10 mg/kg and about 1 .2 g/kg, more preferably between 
about 5 mg/kg and about 100 mg/kg, even more preferably between about 5 mg/kg and 60 mg/kg, 
or preferably about 20 mg/kg;; or a con^und of formula U, m or Vm, espedally BKHPP or 
EpoxPP is administered four-weekly (every 4 weeks) in a dose that is between aboitt 0.1 mg/kg and 
about 1.2 g/kg, preferably between about 10 mg/kg and about 1.2 g/kg, more preferably between 
about 5 mg/kg and about 1 00 mg/kg, even more preferably between about 5 mg/kg and 60 mg/kg, 
or preferably about 20 mg/kg;. This dose is preferably administered to the human by intravenous 
(i.v.) administration during 2 to 120 min, more preferably during about 5 to about 30 min. most 
preferably during about 10 to about 30 mio, e.g. during about 30 min. 

More preferably, said treatmoit is repeated until disease progression, unacc^table toxicity, 1 or 
preferably 2 cycles beyond determination of a con5)lete response, or patient withdrawal of consent 
for any reason is encount^ed. 

(4) The present invention preferably also relatts to an in vivo r^unen for the treatment of a tumor 
disease, espedally (i) of a soUd tumor selected firom a gastrointestinal, e.g. colorectal; lung tumor, 
especially a non-small cell lung carcinoma; a breast tumor; an epidermoid tumor, a renal; a 
genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis thereof), most 
preferably a gastrointestinal tumor, especially a colorectal cancer, more especially a gastrointestina] 
cancer, especially a colorectal cancer, or a tumor of the genitourinary tract, especially a prostate 
cancen eq)ecially where such tumor is metastatic, wherein a compound of formula II, HI or Vm, 
especially BRHPP or ^oxPP, is administCTed between once-weekly and eight-weekly to a warm- 
blooded animal in a dose that is below 80%, more preferably below 50% of the maximal tolerable 
dose (MTD) or hi^est dose tested in non-human animals. 

Preferably, in the case of weekly treatment of a human with said con^jound of formula n, HI or 
- Wm, especially BRBDPP or EpoxPPi the dose is in-the range of about 1 to about -60%r4)refeTably 
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about 10 to about 60%. e.g. about 5 to about 35% of the MTD, for example in the range of about 30 
to about 35% of the MTO. Preferably, for BRHPP the dose is in the range of about 5 to about 60%, 
preferably about 10 to about 60%, especially in the range of about 10 to about 45%, most 
especiaHy in the range of about 30 to about 45% of the MTD. 

5 

(5) The present invention preferably also relates to an in vivo regimen for the treatment of a 
disease, especially a soUd tumor disease selected firom a gastrointestinal, e.g. colorectal; lung 
tumor, especially a non-small ceU lung carcinoma; a breast tumor; an epidermoid tumor; a renal; a 
genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis fhexeof), most 

10 preferably a gastrointestinal tumor, especially a colorectal cancer, more especially a gastrointestinal 
cancer, especially a colorectal cancer; or a tumor of the genitourinary tract, especially a prostate 
cancer, especially where such tumor is metastatic, wherein a compound of formula H, IH or VIII, 
especially BRHPP or EpoxPP, is administ<H«d betwerai once-weddy and ei^t-weekly to a warm- 
blooded animal in a dose that is between the Effident Concentration value giving half the 

1 5 maximum effect (EC50) and the Efficient Concentration value giving the maximal effect (EClOO), 
or that is between the EC50 and 200% of the EC50, or preferably at least 1 10%, 120%, 130%, 
150%, 160%, 175% or 200% of the EC50 vahxe. 



20 CBrHPP 

The synthesis of CBrHPP can be carried according to any suitable method. In a prefared esKzasple, 
3-methylbut-3-enyl pyrophosphonate (C-IPP) is prepared according to the methods of PCT patent 
publicati<m no. WO 03/050128, Brondino et al, (1996), or 
25 Valentijn et aL(1991), and is converted to CBrHPP according to the methods of Espinosa et al 
(2001a). Each of the cited refaremces is inisorporated herein by reference. 

(1) The present invention relates especially to the treatment of a disease, especially a tumor, 
especiall a soUd tumor, more especially one of the preferred diseases as defined above or below, 
30 characterized in that a CBrHPP con?>ound is administered more than once, with a two-weekly up 
to ei^t-weddy, preferably between three-weekly and four-weekly interval to a human in a dose 
that is calculated according to the formula (A) 



35 



sin^e dose (mg/kg)=(0- 1 to y) * N (A) 
where N (a whole or fractional number) is the number of wedss between treatments (about two to 
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about eight weeks), that is N is about 2 to about 8. preferably between about 3 to 4; more 
prrferably, the treatment dose is calculated according to the formula B, 

single dose (mg/kgK5 to 100) * N; (B) 

even more preferably according to the formula C, 

single dose (mg/kg)=(10 to 100) * N; (C) 

10 or still more preferably according to the formula D, 

single dose (mg/m2)=(5 to 60) * N P) 

where, in each of formulae A to D, N is about 2 to about 8 or preferably about 3 to 4 
1 5 (corresponding to intervals of about 2 to about 8 weeks and about 3 to about 4 weeks between 
treatmoits); 

the CBrHPP administration preferably taking place: 

(a) about three-weekly to about four weekly, preferably Ihree-weekly or four-weekly, in a 
20 human in a dose Ihat Ues between about 0.1 mg/kg and about 1.2 g/kg. preferably between about 10 

mg/kg and about 1 .2 g/kg, more preferably between about 5 mg/kg and about 100 mg/kg, even 
more preferably between about 5 mg/kg and 60 mg/kg, or preferably about 20 mg/kg; or 

(b) about four-weekly to sibout eight weekly, preferably about five-weekly, six-weekly, 
seven-weekly or eight-weekly, in a human in a dose that Ues dose is between about 0.1 mg/kg and 

25 about 1 .2 g/kg, preferably between about 1 0 mgAcg and about 1 J. g/kg, more preferably between 
about 5 mg/kg and about 100 mg/kg, even more preferably between about 5 mg/kg and 60 mg/kg, 
or prrferably about 20 mg/1^ 

the administration preferably taking place by Lv. infusion during 2 to 120 min. more preferably 
during'about 5 to about 30 min. most preferably during about 10 to about 30 min, e.g. during about 
30 30min. 

(2) The present invention preferably relates also to the treatment of a tumor disease, most 
preferably a tumor disease having metastases, said tumor being selected ftom a gastrointestinal, 
e.g. colorectal; lung tumor, especially a non-small cell lung carcinoma; a breast tumor, an 
35 epidermoid tumor; a renal; a genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or 
any metastasis theeof). most preferably a gastrointestinal tumor, espedally a colorectal cancer, 
• more especialljra gastrointestinal cancer, especially a colorectal cancer; or^ tumor of the _ 
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gemtourinary tract, especiaUy a prostate cancen wherein CBrHPP is adniinistered to a warm- 
blooded animal, especially a human. 

(3) The present invention also preferably relates to an in vivo regimen for stimulating a y5 T ceU in 
an individual, preferably a regimen for treatment of a tumor disease, preferably a soUd tumor, or an 
autoimmune disorder or an infectious disease wherein CBrHPP is administered once in a dose that 



(a) between about the EC50 value and the EClOO value, more preferably at least 1 10%, 

120%, 150% or 175% of theEC50, to ahuman 
10 (b) between about 0.1 mg/kg and about 100 mg/kg, to a human 

and, if required, one or more (preferably at least two, at least three, at least four, at least 

five, at least six. at least dght or at least ten) further doses each within the dose range mentioned 

above fin: the first dose are administered in further treatment cycles, preferably each dose after a 

period of time that allows for sufficient recovery of the y5 T ceU population to basal levels in the 

1 5 treated individual fiom each preceding dose administration, especially more than one week, more 

than two weeks after the preceding treatment, more especially two to eight weeks, most especially 

three to four weeks after the preceding treatment, especially three weeks after that treatment. 

More preferably, under (1) to (3) CBrHPP is administered three-weekly to a human in a dose that 
20 hes between about 0.1 mg/kg and about 1 g/kg. preferably between about 1 0 mg/kg and about 1 .2 
g/kg, more preferably between about 5 mg/kg and about 100 mg/kg, even more preferably between 
abo4 5 mg/kg and 60 mg/kg. or preferably about 20 mg/kg; or CBrHPP is administered four- 
weekly (every 4 weeks) in a dose that is between about 0. 1 mg^ and about 1 2 g/kg. prefaably 
betwe«i about 10 mg/kg and about 1.2 g/kg. more pref«ably between about 5 mg/kg and about 
100 mg/kg, even more preferably between about 5 mgAcg and 60 mg/kg, or preferably about 20 
mg/kg. This dose is preferably administered to the human by intravenous (i.v.) administration 
during 2 to 120 min, more preferably during about 5 tp about 30 min. most preferably during about 
10 to about 30 min, e.g. during about 30 min. 

30 More preferably, said treatment is repeated until disease progression, unacceptable toxicity, 1 or 
preferably 2 cycles beyond determination of a complete response, or patient withdrawal of consent 
for any reason is eaconntered. 

(4) The present invention preferably also relates to an in vivo regimen for the treatment of a tumor 
35 disease, espedally (i) of a soUd tumor selected fiom a gastrointestinal. e.g. colorectal; lung tumor, 

especially a non-small ceU lung carcinoma; a breast tumor, an ^ideimoid tumor, a renal; a 
geiiitiuriiiiy. elg. pibst^ticrapSicreatic;- and a brain tumor^or any metastasis thereof), most 
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preferably a gastrointestinal tumor. especiaUy a colorectal cancer, more especiaUy a gastrointestinal 
cancer, especially a colorectal cancer, or a tumor of the genitourinary tract, especially a prostate 
cancer; especiaUy wher« such tumor is metastatic, wherein CBrHPP. is administered between once- 
weekly and eight-weeldy to a warm-blooded animal in a dose that is below 80%. more preferably 
5 below 50% of the maximal tolerable dose (MTD). 

Preferably, in the case of weekly treatment of a human with said CBrHPP compound, the dose is in 
the range of about 1 to about 60%, preferably about 10 to about 60%. e.g. about 5 to about 35% of 
the MTD, for example in the range of about 30 to about 35% of the MTD. Prefoably. for CBrHPP 
10 the dose is in the range of about 5 to about 60%, preferably about 10 to about 60%, espedally in 
the range of about 10 to about 45%, most especially in the range of about 30 to about 45% of the 
MTD. In a special case, the dose can be between about 2 and about 1 8 mg/m2 for CBrHPP. 

(5) The present invention preferably also relates to an in vivo regimen for the treatment of a 
1 5 disease, especially a sohd tumor disease selected from a gastrointestinal. e.g. colorectal; lung 

tumor, especially a non-smaU cell lung carcinoma; a breast tumor, an epidermoid tumor, a renal; a 
genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis tiiereof), most 
preferably a gastrointestinal tumor, especially a colorectal cancer, more especially a gastrointestinal 
cancer, especially a colorectal cancer, or a tumor of the genitourinary tiact. especially a prostate 
20 cancer, especially where such tmnor is metastatic, wherein CBrHPP is administered between once- 
weekly and eight-weeJdy to a warm-blooded animal in a dose that is between tiie Efficient 
Concentration value giving half tiie maximum effect (EC50) and the Efficient Concentration value 
giving the maximal effect (EClOO). or that is between 1 10% and 200% of the EC50. or preferably 
at least 110%. 120%. 130%. 150%, 160%. 175% or 200% of the EC50 value. 



25 



HDMAPP 



Smce the isolation of HDMAPP from E. coU cells deficient in tiie lytB con5)onent of the non- 
mevalonate (MEP) pathway, described in Hintz et al (2001). tiie chemical syntiiesis of HDMAPP 

30 has been achieved by a number of laboratories. The syntiietic HDMAPP and tiie natural conqwund 
isolated from E. coli fytB mutants displayed identical activities in stimulating Vy9A^52 T cells. The 
reactivity of human peripheral blood mononuclear cells towards HDMAPP was restoicted Vy9m2 
T cells, leading to xq)-regulation of activation markers on tiie cell surfece. secretion of pro- 
inflammatory cytokines, and expansion of tiie Vy9A^62 subpopulation in tiie presence of co- 

35 stimulationprovidedbyIL-2.HDMAPPwasr^ortedtohaveanEC5ovalueofappK)x.0.1 nM 

(compared to IPP witii an EC50 of ^rox. 1 jiM). leading to tiie assumption tiiat HDMAPP 



5 



10 
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exclusively accounted for the knovoi Vy9/V82 T cell reactivity towards pathogenic bacteria such as 
Brucella, Can^lobacter, Ehrlichia, E. coll, Francisella, Listeria, Mycobacterium, Pseudomonas, 
Salmonella, and Yersinia, as weU as to the protozoan parasites Plasmodium and Toxoplasma. 

In vitro in vivo pharmacodynamics of V79/V62 * T ceU stimulation as elucidated by the inventors 
have now shown that HDMAPP is surprisingly effective in regulating y5 T ceU activity, and may 
be administered to mammals in a low dose administration regimens. 

Preferred methods for tiie synthesis of HDMAPP are descried in Example 2 and in Wolff et al. 
Tetrahedron Letters (2002) 43:2555 and Hecht et al. Tetrahedron Letters (2002) 43: 8929. the 
disclosures of which are incorporated herem by reference for their teaching of methods of 
preparing HDMAPP conq>ounds. 

(1) TTie present invention relates espedaUy to the treatment of a disease. especiaUy a tumor. 
15 especiaHy a soUd tumor, more especiaUy one of the preferred diseases as defined above or below, 
characterized in thatacon^und of fomndaXn, especiaHy HDMAPP. is administered more than 

^ with a two-weekly up to ei^-weekly. preferably between three-weekly and four-weddy 
interval to a human in a dose that is calculated according to the formula (A) 



25 



once. 



single dose (mg/kg)=(0. 1 to y) * N (A) 

where N (a whole or ftactional number) is the number of weeks between treatments (about two 
about ^ weeks), tiiat is N is about 2 to about 8. preferably between about 3 to 4; more 
preferably, the toreatment dose is calculated according to the formula B. 

single dose (mg/kgKO OOl to 100) * N; O) 



to 



even 



more prefarably according to the formula C, 



3Q single dose (mg/kgKO-Ol to 5) * N; (C) 



or 



still more preferably according to liie formula D, 



35 



single dose (mg/m2)K0.02 to 2.5) * N (D) 
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where, in each of fonnulae A to D, N is about 2 to about 8 or preferably about 3 to 4 
(corr4>onding to intervals of about 2 to about 8 weeks and about 3 to about 4 weeks between 

treatmCTts); 

5 the a con^und of formula XH. especially HDMAPP, administration preferably taking place: 

(a) about three-weekly to about four weekly, preferably three-weekly or four-weekly, in a 
human in a dose that Ues between about 1 pg/kg and about 100 mg/kg, preferably between about 
10 ^ig/kg and about 20 mg/kg, more preferably between about 20 jig/kg and about 5 mg/kg, ev«i 
more preferably between about 20 jig/kg and 2.5 mg/kg, or preferably about 0.5 mg/kg, or 

1 0 preferably about 0.5 mg/kg; or 

(b) about four-weekly to about aght weekly, preferably about five-weekly, six-weekiy, 
seven-weddy or dght-weddy. in a human in a dose that Ues dose is between about 1 ng/kg and 
about 100 mg/kg, preferably between about 10 p.g/kg and about 20 mg/kg, more preferably 
between about 20 p-g/kg and about 5 mg/kg, even more preferably between about 20 ng/kg and 2.5 

1 5 mg/kg, or preferably about 0.5 mg/kg, or preferably about 0.5 mg/kg; 

the administration preferably taking place by Lv. infusion during 2 to 1 20 min, more preferably 
during about 5 to about 30 min, most preferably during about 10 to about 30 min. e.g. during about 
30 min. 

20 (2) The present invention preferably relates also to the treatment of a tumor disease, most 

preferably a tumor disease having metastases, said tumor being selected fiom a gastrointestinal, 
e.g. colorectal; lung tumor, especially a non-smaU ceU lung carcinoma; a breast tumor, an 
«5,idermoid tumor, a renal; a gtajitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or 
any metastasis thereof), most preferably a gastrointestinal tumor, especially a colorectal cancer, 

25 more especiaUy a gastrointestinal cancer, especially a colorectal cancer; or a tumor of Ihe 
genitourinary tract, especially a prostate cancan a said conq)ound of formula XH, especially 
HDMAPP, is administered to a warm-blooded animal, especially a human, 

(3) TTie present mvention also preferably relates to an in vivo regunen for stimulating a T cell in 
30 an individual, preferably a regimen for treatment of a tumor disease, preferably a soUd tumor, or an 
autoimmune disorder or an infectious disease; wherein a conq)Ound of formula XH, especially 
HDMAPP is administered once in a dose that is 

(a) between about tiie EC50 and the EClOO, more preferably at least 1 10%, 120%, 150% or 

1 75% of the EC50, to a human 
35 (b) between about 10 ng/kg and about 20 mg/kg, to a human 
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and, if required, one or more (preferably at least two, at least three, at least four, at least 
five, at least six. at least eight or at least ten) further doses each within the dose range mentioned 
above for the first dose are administered in fiirther treatment cycles, preferably each dose after a 
period of time that allows for suflBcient recovery of the yS T ceU population to basal levels in the 
5 treated individual fiom each preceding dose administration, especially more than one week, more 
than two weeks after the preceding treatment, more especially two to eight weeks, most especially 
three to four weeks after the preceding treatment, especially three weeks after that treatment 

More preferably, under (1) to (3) a compound of formula XH, especially HDMAPP is administered 
1 0 three-weddy to a human in a dose that Ues between about 1 ng/kg and about 100 mg/kg, preferably 
between about 10 ligfkg and about 20 mg/kg. more preferably between about 20 |ig/kg and about 5 
mg/kg, even more preferably between about 20 ng/kg and 2.5 mg/kg, or preferably about 0.5 
mg/kg, or preferably about 0.5 mg/kg or a compound of formula XH, especially HDMAPP is 
administered four-weekly (every 4 wedcs) in a dose that is between about 1 jig/kg and about 100 
mg/kg, preferably between about 10 jig/kg and about 20 mg/kg. more preferably between about 20 
us/kg and about 5 mg/kg, even more preferably between about 20 ng/kg and 2.5 mg/kg, or 
preferably about 0.5 mg/kg. or preferably about 0.5 mg/kg. This dose is preferably administered to 
the human by intravenous (i.v.) administration during 2 to 120 min, more preferably during about 5 
to about 30 min. most preferably during about 10 to about 30 min, e.g. during about 30 min. 

More preferably, said treatment is repeated until disease progression, unacceptable toxicity, 1 or 
preferably 2 cycles beyond determination of a conq>lete response, or patient withdrawal of consent 
for any reason is encountered. 

25 (4) The present invention preferably also relates to an in vivo regimen for the treatment of a tumor 
disease, especially (i) of a soUd tumor selected ftom a gastrointestinal, e.g. colorectal; lung tumor, 
especially a non-small cell lung carcinoma; a breast tumor; an epidermoid tumor, a renal; a 
genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis thereof, most 
preferably a gastrointestinal tumor, especially a colorectal cancer, more especially a gastrointestinal 

30 cancer, especially a colorectal cancer, or a tumor of the genitourinary tract, especially a prostate 
cancer, especially where such tumor is metastatic, wherein a con5)ound of formula XII, especially 
HDMAPP, is administered between once-weekly and eight-weekly to a warm-blooded animal in a 
dose that is below 80%. more preferably below 50% of the maximal tolerable dose (MTD). 

35 Preferably, in the case of weekly treatment of a human with said a compound of formula XII, 

especially HDMAPP. the dose is in the range of about 1 to about 60%. preferably about 10 to about 



20 
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60%, e.g. about 5 to about 35% of the MTO, for exan^le in the range of about 30 to about 35% of 
the MTD. Preferably, for HDMAPP the dose is in the range of about 5 to about 60%. preferably 
about 10 to about 6O0/0, especiaUy inihe range of about 10 to about 45%, most especially in the 
range of about 30 to about 45% of the MTD. In a special case, the dose can be between about 2 
5 and about 1 8 ing/ni2 for HDMAPP. 

(5) The present invention preferably also relates to an in vivo regimen for the treatment of a 
disease, especiaUy a soUd tumor disease selected from a gasixointestinal, e.g. colorectal; lung 
tumor, especially a non-small ceU lung carcinoma; a breast tumor; an epidermoid tumor; a raial; a 

10 gemtourmaiy. e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis fliereof). most 
preferably a gastrointestinal tumor, especially a colorectal cancer, more especially a gastiointestmal 
cancer, especially a colorectal cancer, or a tumor of the genitourinary Ixact, especially a prostate 
cancer, especially where such tumor is metastatic, wherein a compound of formula XII, 
especially HDMAPP, is administered between once-weekly and eight-weekly to a warm4>looded 

15 animal in a dose that is between the Efficient Concentration value giving half the maximum effect 
(EC50) and the Efficient Concentration value giving the maximal effect (EClOO), or that is 
between 1 10% and 200% of the EC50. or preferably at least 1 10%, 120o/., 130%, 150%, 160%, 
175% or 200% of the EC50 value. 



20 CHDMAPP 

•me syndesis of CHDMAPP can be carried according to any suitable method. Exanq,les include 
the methods of Nakamura et al (1 973). Zoretic and Zhang (1996) or UmbreU and Sharpless (1977). 
the disclosures of which are incorporated herein by reference, to produce a E-hydroxydimethylallyl 
25 type synthon prior to phosphorylation ou phosphonation. Phosphorylation or phosphonation can 
then be carried out according to methods described in PCT patent pubUcation no. WO 03/050128, 
Brondino et al, (1996). or 

Valentijn et al.(1991), the disclosures of which are incorporated herein by reference. 

30 (1) Hie present invention relates especially to the treatment of a disease, especiaUy a tumor, 

especiaUy a soUd tumor, more especiaUy one of thepref«red diseases as defined above or below, 
characterized in that a CHDMAPP compound is administered more than once, with a two-weekly 
VP to eight-weekly, preferably between three^weekly and four-weekly interval to a human in a dose 
that is calculated acccarding to the formula (A) 



35 
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15 



30 



where N (a whole or fractional nmnber) is the number of weeks between treatments (about two to 
about ei^ weeks), that is N is about 2 to about 8, preferably between about 3 to 4; more 
prefraably, the treatment dose is calculated according to the formula B, 

single dose (mg/kgK5 to 100) * N; (B) 



even more preferably according to the formula C, 
10 single dose (m©a£g)=(10 to 100) * N; (C) 



or still more preferably according to the formula D, 



single dose (mg/m2)=(5 to 60) ♦ N (D) 

where, in each of formulae A to D, N is about 2 to about 8 or preferably about 3 to 4 
(corresponding to intervals of about 2 to about 8 weeks and about 3 to about 4 weeks betweoi 
treatments); 

20 the CHDMAPP administration preferably t a k i ng place: 

(a) about three-weddy to about four weekly, preferably three-weekly or four-weekly, in a 
human in a dose that Ues between about 1 ^g/kg and about 100 mg/kg. preferably between about 
10 Hg/kg and about 20 mg/kg. more preferably between about 20 fig/kg and about 5 mg/kg, even 
more preferably between about 20 jig/kg and 2.5 mg/kg. or preferably about 0.5 mg/kg, or 

25 preferably about 0.5 mg/kg; or 

(b) about four-weekly to about eight weekly, preferably about five-weeMy. six-weekly, 
seven-weekly or ei^t-weekly, in a human in a dose that Ues dose is between about 1 jig/kg and 
about 100 mg/kg. preferably between about 10 ^ig/kg and about 20 mg/kg. more preferably 
between about 20 jig/kg and about 5 mg/kg, even more preferably between about 20 p«/kg and 2.5 
mg/kg, or preferably about 0.5 mg/kg. or preferably about 0.5 mg/kg; 

the administration preferably taking place by i.v. in&sion during 2 to 120 min, more preferably 
during about 5 to about 30 min, most preferably during about 10 to about 30 min. e.g. during abouJ 
30 min. 

35 (2) The present invention preferably relates also to the treatment of a tumor disease, most 

preferably a tmnor disease having metastases, said tumor bdUg selected from a gastrointestinal. 



If 
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e.g. colorectal; l;mg turner, especially a iu>n.small ceU lung carcinoma; a breast tumor, an 
epidermoid tumor; a renal; a genitourinary. e.g. prostatic; a pancreatic; and a brain tumor (and/or 
any metastasis thereof, most preferably a gastrointestinal tumor, especially a colorectal cancer, 
more espedaUy a gastrointestinal cancer, especially a colorectal cancer; or a tumor of the 
5 genitourinary tract. especiaUy a prostate cancer; where OlDl^P is adm^ 

blooded animal, especially a human. 

(3 ) The present invention also preferably relates to an in vivo regimen for stimulating a yS T ceU in 
an individual, preferably a regimen for treatment of a tumor disease, preferably a soUd tumor, or an 
10 autounmune disorder or an infectious disease; wherein OlDMAPP is administ^ 

that is , , 

(a) between about the EC50 and the EClOO. more preferably at least 110%. UO"/.. 150 /• or 

175% of the EC50, to a human 

(b) betweai about 10 |xg/kg and about 20 mg/kg, to a human 

15 and, if required, one or more (preferably at least two, at least three, at least four, at least 

five at least six, at least eight or at least ten) further doses each within the dose range mentioned 
above for the first dose are administered in further treatment cycles, preferably each dose after a 
period of time that aUows for sufficient recovery of the ,5 T ceU population to basal levels m the 
treated individual ftom each preceding dose administration, especially more than one week, more 

20 thantwoweeksaftertheprecedingtreatmeut,moreespeciaUytwotoei^weeks.mostesp^ 

three to four weeks after the preceding treatment. especiaUy three weeks after that treatment 

More preferably, under (1) to (3) CHDMAPP is administered thre^weddy to a hmnan in a dose 
that Ue. between about 1 ng/kg and about 100 mg/kg. preferably between about 10 ^g/kg and 
25 about 20 mg/kg. more preferably between about 20 jxg/kg and about 5 mg/kg. even more preferably 
between about 20 ^tg/kg and 2.5 mg/kg. or preferably about 0.5 mg/kg. or preferably about 0.5 

or CHDMAPP is administered four-weddy (every 4 weeks) in a dose that is between about 
mg/kg and about 100 mg/kg. preferably between about 10 j.g/kg and about 20 mg/kg, more 
preferably between about 20 jig/kg and about 5 mg/kg. even more preferably between about 20 
30 ^g/kg and 2.5 mg/kg. or preferably about 0.5 mg/kg. or preferably about 0.5 mg/kg. iHs dose rs 
preferably administered to ihehumanbyintrav«ious(i.v.)administrationduring2to 120 mm, 

n.ore preferably during about 5 to about 30 min. most preferably during about 10 to about 30 mm, 

e.g. during about 30 min. 

35 More preferably, said treatment is r^eated until disease progression, unacceptable toxicity, 1 or 
. . preferably 2 cycl««.beyond.deternrination o^^^^ cornplete response, or Patient wfthdraw^ of «>ns«^ 
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for any reason is encountered. 



(4) The present invention preferably also relates to an in vivo regimen for the treatment of a tumor 
disease, especially (i) of a soud tumor selected from a gastrointestinal, e.g. colorectal; limg tumor, 

5 especially a non-smaU cell lung carcinoma; a breast tumor; an epidermoid tumor, a renal; a 

genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis thereof), most 
preferably a gastrointestinal tumor, especiaUy a colorectal cancer, more especially a gastrointestinal 
cancer, especiaUy a colorectal cancer; or a tumor of the genitourinary tract, especially a prostate 
cancer; especially where such tumor is metastatic, wherein CHDMAPP is administered betweai 

10 once-weekly and eight-weekly to a warm-blooded animal in a dose that is below 80%, more 
preferably below 50% of the maximal tolerable dose (MTD). 

Preferably, in the case of weddy treatment of a human with said CHDMAPP the dose is in the 
range of about 1 to about 60%, preferably about 10 to about 60%, e.g. about 5 to about 35% of the 
15 MTD, for example in the range of about 30 to about 35% of the MTD. Preferably, for CHDMAPP 
the dose is in the range of about 5 to about 60%, preferably about 10 to about 60%, especially in 
the range of about 10 to about 45%, most especially in the range of about 30 to about 45% of the 
MTD. hi a special case, the dose can be between about 2 and about 1 8 mg/m2 for CHDMAPP. 

20 (5) The present invention preferably also relates to an in vivo regimen for the treatment of a 

disease, especially a soUd tumor disease selected from a gastrointestinal, e.g. colorectal; lung 
tumor, especially a non-small cell hmg carcinoma; a breast tumor, an epidermoid tumor; a renal; a 
genitourinary, e.g. prostatic; a pancreatic; and a brain tumor (and/or any metastasis thereof), most 
preferably a gastrointestinal tumor, especiaUy a colorectal cancer, more especiaUy a gastrointestinal 

25 cancer, especiaUy a colorectal cancer, or a tumor of the genitourinary tract. especiaUy a prostate 
cancer; especiaUy where such tumor is metastatic, wherein CHDMAPP is administered between 
once-weddy and ei^t-weeUy to a warmblooded animal in a dose that is between the Efficient 
Concentration value giving half the maximum effect (EC50) and the Efficient Concentration value 
giving the maximal effect (EClOO). or that is between 1 10% and 200% of the EC50, or preferably 

30 at least 110%. 120%. 130%. 150%, 160%, 175% or 200% of the EC50 value. 



Ftirther aspects and advantages of the present invaition wUl be disclosed in the foUowing 
35 experimental section, which should be regarded as Ulustrative and not limiting the scope of the 
presait ^Ucation. A number of references are cited in the present specification; each of these 
■ cited refeimciS is incorporated herein by reference; 
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EXAMPLES 
EXAMPLE 1 

5 Synthesis of BrHPP 

AU glassware and equipment were dried for several hours prior to use. Unless otherwise stated, the 
reagents and starting material wae ftom Fluka. Trisodium (J?.5)-3-(bromomethyl)-3-butanol-l-yl- 
diphosphate(BrHPP) was produced as white amorphous powder by the foUowing procedure. Tosyl 
chloride (4.8 g. 25 mmol) and 4<A^^-dimethylamino.) pyridine (3.4 g, 27.5 mmol; Aldrich) were 

10 mixed under magnetic stirring with 90 ml of anhydrous dichloromethane in a 250-ml three-necked 
flask cooled in an ice bath. A solution of 3-methyl-3-butene.l-ol (2.2 g. 25 mmol) in about 10 ml of 
anhydrous dichloromethane was then slowly introduced with a syringe througji a septum in the 
flask, and the ice bath was then removed. The reaction was monitoredby silica gel TLC 
(pentane^ethyl acetate. 85:15 (v/v)). After 2 h with constant stirring, themixture was precipitated by 

15 dilutioninto 1 Uter of hexane and filtered, and the filtrate was concentrated under reduced pressure. 
This filtration/suspension step was r^eatedusing diethyl ether, and the resulting ofl was purified 
by Uquidchromatography on silica gel (pentane/ethyl acetate, 85:15 (v/v)). yielding a yellow oil of 
3.methyl-3.butene.l.yl-tosylate (5.6 g, 23.5 mmol. 94o/o yield) kept under dry N. at 4 »C (positive 
modeESI-MS: «/z 241 [M + H]^; mIz 258 [M + NH4r; nUz 263 [M + Naf; MS^ of m/z 258: mIz 

20 190 (CsHgloss)). 

Disodium dihydrogen pyrophosphate (51.5 mmol. 1 1.1 g) dissolved in 100 ml of deionized water 
(adjusted to pH 9 with NH4OH) was passed over a cation exchange DOWEX 50WX8 (42 g. 
200 meq of form H*) column and eluted with 1 50 ml of deionized water (pH 9) . Hie collected 
sotation was neutralized to pH 7.3 using tetia-n4,utyl ammonium hydroxide and lyophilized. TTie 
25 resulting hygroscopic powder was solubilized with anhydrous acetonitrile and fiirther dried by 
r^eated evaporation under reduced pressure. The resulting Tris (tetra-«-butyl ammonium) 
hydrogenopyrophosphate (97.5% purity by HPAEC; see below) was stored (concentration. M).5 M) 
at -20 »C in anhydrous conditions under molecular sieves. 100 ml of a solution containing 
50 mmol of Tris (tetra-»-butyl ammonium) hydrogenopyrophosphate (0.5 M. 2.5 eq) in anhydrous 

30 acetonitrile under magnetic stirringin a 250-ml three-necked flask cooled in an ice bath were 
slowly mixed with 20 mmol (4.8 g) of 3-methyl-3-butene-l-yl-tosylateintroduced via a septum 
with a syringe. After 20 min. the ice bath was withdrawn, and the reaction was left under agitation 
at room ten5)erature for 24 h. Hie reaction was analyzed by HPAEC (see below), evaporated, and 
dUuted into 50 ml of a mixture conqjosedof a solution (98 % volume) of ammonium 

35 hydrogenocarix>nate (25 mM) and 2-propanol (2 volmne %). TTie resulting mixture was passed over 
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a cation exchange DOWEX 50WX8 (NhJ , 750 meq) column formerly equUibrated with 200 ml of 
the solution (98 % volume) of ammonium hydrogenocarbonate (25 mM) and 2-propanol (2 volume 
%). The column was eluted with 250 ml of the same solution at a slow flow and collected in a flask 
kept in an ice bath. The collected liquid was lyophilized, and the resulting white powder was 
5 solubilized in 1 30 ml of ammonium hydro^ocarbonate (0. 1 M) and conq)leted by 320 ml of 
acetonitrile/2-propanol (v/v). After agitation, the white precipitate of inorganic pyro- and mono- 
phosphates was eliminated by centiifugation (2100 x g^, 10 *C, 8 min). Hiis procedure was repeated 
three times, tiie supernatant was collected and dried, and tiie resulting oU was diluted in 120 ml of 
watCT. Rcatnainders of unreacted tosylates were extracted three times by dilorofonn/melhanol (7:3 
10 (v/v)) in a separatory fiinnel, andthewato: phase was finally lyophilized. The resulting white 
powder was again washed twice by acetonitrile/diloroform/methanol (50:35: 15 (v/v)) and dried 
under graitieNz flow. 11.25 mmol of pure 3-methyl-3-butene-l-yl-pyrophosphatetriammonium salt 
were obtained by this procedure (75% yield) and were tixen dissolved in 200 ml of water for 
oxidation. For 6 mmolof 3-methyl-3-butene-l-yl-pyrophosphate, an aqueous solution ofBr2 
15 (0.1 M) kept at 4 °C was added dropwise until appearance of a persistent yellowish color, yielding 
after ev^oration 5.8 mmol (2.3 g) of an acidic solution (pH 2.1) of BrHPP, which was immediately 
neutralized by passmg over DOWEX 50WX8-200 (NhJ , 48 meq). The ammonium salt of BrHPP 
obtained after lyophilizationwas dissolved in water and separated from bromides by passing 
through Dionex QnGuard-Ag (2 meq/unit) cartridges and an on-line column of (100 meq, 21 g) 
20 DOWEX 50WX8-200 (Na*) eluted by milli-Q water. Colorless stock solutions of BrHPP (Na j 
were filtered over Acrodisc 25 membranes of 0.2 jiM and kept as aliquots at -20 °C. 

HPLC- Final purification of BrHPP was achieved by HPLC (Spectra sjretemPlOOO XR device) on 
an analytic Symmetry 5^018 column (Waters) eluted at 1 ml/min and 20 °C witii tiie ternary 
gradient indicated below. Upstream of detectors, a split of eluent distributes 190 jU/min in tiie 
25 online MS detector (see below), and the remaining 810 nl/min was sent to tiie Waters 

996 photodiode anay detector. Single wavelengtii detection at A = 226 nm was of 7 milliabsoibance 
unite for 6 ng of BrHPP injected in 25 (d ^eodyne injector). The gradient program was as 
follows: solvent A, acetonitrile; solvoit B, 50 mM ammonium acetate; solvent C, watsa^ 0-7 min, 
5% B in C; 7.1-11 min. 100% C; 12-15 min, 100% A; 15-17 min, 100% C. 



30 



EXAMPI£2 

Synthesis of HDMAPP using tiie metihod of Hecht et al (2002) 



. _.. 35... 
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CE)-4-Chloro-2-inethylbut-2-en-l-ol 



TiCl4 (285mg, LSmmol, 164.5 jiL) is dissolved in 3 mL of dry CH2CL2 under N2. The solution is 
cooled to -80 to -90C, and a solution of 84 mg of commercially avaUable 2-metb.yl-2-cinyloxirane 
(98.2 liL, 1 mmol) in 0.4 mL of CH2CL2 is added in dropes with stirring. Afto: 90 min. the 
reaction mixture is quenched by adding 5 mL of IN HCl. After wanning to room tenq>erature, the 
phases are separated and the aqueous layer is extracted four times with 20 mL of diethyl ether. The 
combined organic phases are dried over MgS04. Evaporation of the solvent and purification by 
flash chromatography (pentanes/diethyl ether 1:1 v/\) affords 93 mg of pure product. 

(E)-l-Hydroxy-2-methylbut-2-enyl 4-diphospliate from (EH-Chloro-2-methyibut-2-en-l-ol 



A solution containing 227 mg (OJ25 nmiol) of tris (tetra-n-butylammonium) hydrogai 
pyrophosphate in 300 pL of MeCN is added slowly at roomteiiq>erature to a solution of (E)-4- 

1 5 Chloro-2-methyibut-2-en-l-ol (25 mg. 0.21 mmol) in 250 jiL of MeCN affording an orange-red 
solution. After 2 h, the solvent is removed under reduced pressure. The orange-colored oil is 
dissolved in 3 mL of H20, and the solution is passed through a column of DOWEX 50 WX8 (1x4 
cm, NH4+ form) that has been equiUbrated with 20 mL of 25 mM NH4HC03. The column is 
developed with 20 mL of 25 mM 1SIH4HC03. Fractions are combined and lyophilized to yield 0.19 

20 mmol of pure product (90%). 

EXAMPLES 
BrHPP non-GLP studies 



25 3. 1. Material and methods 



1 1 , ^^niTTial.g 

- Group 1 : 5 piaipose bred healthy male cynomolgus monkeys (M* fascicularis), supplied by C JLP. 
Le Vallon, Femey S.E., Mahebourg, Mauritius. At the begmning of the study, body weights range 

30 from 3.7 to 4.6 kg. 

. Group 2 : 10 purpose bred healthy cynomolgus monkeys (5 males and 5 females), suppKed by 
CJLP. Le Vallon. At the begmning of the study, body weights range from 1.8 to 3.5 kg and ages 
from 2 to 3 years. 

Husbandry conditions conformed to the European requirements, con5)rising monitored 
35 temperature, humidity, air change and Ughting cycle. Group 1 animals were housed in Biomatech 
(Chasse sur Rhone, France), and group 2 animals were housed in MDS, (Les Qncins, France). 
All experiments were subjected to local ethical cpmmittee before processiiig. _ 



t 
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1 .2. Phosp hoantigeos 

The synthesis and charactoization of trisodium (R,S)-3-(bromomethyl)-3-butanol-l-yl-diphosphate 
BiHPP has beea described previously (see above, as earned out in Espinosa, 2001). The lot used 
for Ihe experiments described here was manufectured and characterized under GMP conditions by 
PCAS-SELXDC (Limay, France). Sterilization and clinical unit preparation was conducted under 
GLP by AXCELL BIOTECHNOLOGIES (Saint^diis I'Argentifere, Fiance). Titration of BrHPP 
in sterile aqueous solution was achieved by ffigh Performance Anion-Exchange Chromatography 

with conductimetric detection (DIONEX DX600 system). 

1 1 -x nnip ^HT ^inistration a "^ '''""^ gampling 

- Qroap 1 : animals were anaesthetised witii intra-muscular injection of 6mg/kg ZoletilND 100 
CTiletamine-Zolazepam, Virbac. Garros. France) before any injection or blood taking. 

- Group 2 : injections and blood taking were performed on manually restiained non-anaesthetised 

IS animals. 

. 4Hiay BrHPP alone treatinent (group 1) : 2 animals recaved Img/kg of BrHPP in 10ml saline on 

day 0 (microflex infusion set inttoduced into Ihe external saphenous vein) and tiien 4mg/kg. 

1 6mg/kg and 32mg/kg in 20ml saline on days 1 . 2 and 3 by the same way. (Duration of infusion : 

10 to 15 min). 

- BrHPP/IL2 co-treatinents (group 1) : 5 animals received eitiiear 20 mg^ once or 4 mg/kg (1 6.7 
mg/kg or 3.3 mg/kg of BrHPP anionic form) 5 times daily of BrHPP in final 50 ml saline by the 
same way as above (duration of infusion : 30 min). IL2 (18 miUion Ulper vial, Proleukin®. 
Chiron. US) was resuspended in 1ml sterile water and dUuted to 1 0ml with 4% USA for a final 
concentration of 1.8 milUonUI/mL In a first cycle of tireatinent. aU animals received the same dose 

25 of IL2 consisting of 5 days of twice daily injections of 0.9 miUion muts IL2. In a second cycle of 
treatment, animals received subcutaneously the following IL2 treatment : 0.15 million units twice 
daily for 9 days (ammal Z059). 0.3 miUion units twice daily for 5 days (Z135). 0.9 miUion units 
twice daily for 5 days (animal Z714) or 9 days (animal X973). 

A single animal received 80 mg/kg (66.6 mg/kg anionic form) BrHPP + 9 days of IL2 co-tieatment 
30 consisting of a single daily subcutaneous mjection of 0.6 nnUion units. 

- BdIPP/IL2 co-treatoneots (group 2) : BrHPP was diluted in saline to tiie appropriate final 
concentration (depending on the dose to inject and on the last recorded body weight) so as to inject 
always approximately 50ml in 30min (microflex infusion set introduced into cephalic or external 
saphenous vein). All animals received 0.6 miUion lU IL2 per day for 7 days. 1L2 was administered 
35 subcutaneously as 2 separate injections of 0.3 miUion lU in sterile water. S-hour ^art. Control 
animals received IL2 only. 



20 
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Twice weekly blood samples (1 to 4 ml) were withdrawn from femoral vessels/artery into EDTA 
containing tubes. Tubes wwe shipped overnight at room temperature (RT) before flow cytometry 
analyses. 

5 .4. Flow cytometry 

Periphaal yd lymphocytes were analyst?! twice weekly by flow cytometry on total monkey blood, 
after double staining with anti^3-PE antibody and anti-VgammaP-FTTC antibodies and/or anti 
Vd2 antibodies (CD3-PE : SP34 clone, BD Biosciences Pharmingen, Le Pont de Claix, France). 
Anti Vgamma 9, clone 7B6 is a monoclonal raised to human Vgamma 9 but that cross-reacts with 

10 cynomolgus ceUs. It was purified by afiOnity chromatography on protein A and coupled to FTTC as 
piwiously described. We checked that this antibody stained most of Vd2 positive ceUs. stained by 
commercial (Endogen, Wobum. MA) TCR2732 clone (as previously described for other Vg9 
antibodies in Rhesus monk^ by Shen, 2002, data not shown). 

15 Briefly. 50^a monkey blood is incubated 15 min at RT with 5nl anti-CD3-PE and 6jil anti-delta2- 
FTTC or lOja anti-gamma9-FrrC antibodies. Antibodies are washed with 3ml IX PBS, centrifixged 
for 4 mm at 1300rpm at RT and supernatant is discarded. Red cells are lysed with the OptiLyse C 
reagent (Immunotech-Beckman-Coulter, MarseiUes, France) according to the manufecturer's 
instructions. At the final step, stained white blood cells are recovered by centrifogation and 

20 resuspended in 300jil PBS + 0.2% PFA. Immediately before analysis, SOjil calibrated Flow 

CountTM Fluorospheres Ommunotech-Beckman-Coulter, Maisdlles, France) are added to the cells 
for absolute number counting of the populations of interest 

For group 2, lyn^)hocyte subsets were also analysed in parallel by dual color flow cytometry with 
CD20-FrrC (2H7 clone); CD3-PB (SP34 clone); CIM-FITC (M-T477 clone); CDS-FTTC (SKI 
25 clone) (all purchased from BD BiosciencK^ Le Pont de Claix, France). 

How cytometry was performed on a Epics XL-MCL ^?paratus (Beckman-Coulter. Roissy. France) 

with the Expo32 software. 

3.1 .5. Cytokine detection 
30 Serum cytokines (TNFa and INFg) were detected and quantified with the BIOSOURCE 

CytoscreenTM ELISA monkey TNFa and CytoscreenTM EUS A monkey INFg respectively 
(purchased from CliniSciences, Montrouge, France) according to the manufecturer's instructions. 

3 \ ,fi. yTaCTnatology ar '^ amrm clinical chemistrv 
35 Classical blood parameters foUow-iq> (red blood cell, platelets total and diffeential white blood 
cells counts, haemoglobin, mean corpuscular haemoglobin, mean corpuscular haemoglobin 
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concentration) were perfonned at the sites of monkey handling, just before and after eadi 
administration and twice weddy. 

On all animals in group 2. 48 or 72 hours after each injection. 16 blood chemistry parameters were 
measured (sodium, potassium, chloride, calcium, inorganic phosphorus, glucose, urea, total 
5 cholesterol, total bilirubin, total pxotdn. albumin, globulin, creatinin, alkaline phosphatase, 
aspartate aminotransferase and alkaline aminotransferase). 

1 7 Vital paraiT^t^fti-R follow UP 

Tte animals were observed daily and during and after each injection for any change in vital and 
10 clinical parameters (general behaviour, skin, hair, respiratory system, cenlral nervous system). 
Animals were regularly weighed, every 3 days (group 1) or weekly (groiq) 2). Body temperature 
(on vigU animals of group 2) was measured before and at the end of each BrHPP/IL2 (or alone) 
infiision and once daily during the 5 days following administration. Heart rate and blood pressure 
were recorded for all animals in group 2, before and at the end of each administration. 
15 All animals were observed at least twice daily for signs of moibidity/mortaUty. 

.8. Biopsy preparatioDS 
5 animals in group 2 were sacrificed 9 days after the second administration, by intravenous 
injection of sodium pentobarbitone, ewanguinated. and were submitted to full necropsy procedures 
20 for organ toxicology assessment of the drug. Sanples of organs were weired and collected in 
RPMI medium (Gibco-BRL - Life Science) for fiother processing. 

Lynq)hoid organ san5)les (thymus, tonsils, bone marrow, mesenteric, inguinal and tracheo- 
bronchial lyn^h nodes) were carefully mechanicaUy dissociated with sterile syringe plungers, 
washed several times in RPMI medium and filtered twice through nylon membranes (Scrynel 
25 NYHC lOO^m nylon, purchased from VWR Intemational, France). Cells were then double stained 
with anti<3)3-PE and anti-gammaP-FlTC antibodies and analysed by flow cytometry as described 

above. 
3.2. Results 

30 ^,2.1 ■ BrHPP plr.Tif. rines not f t^r ^nr^. reproducible expansion of p9<12 pells m vivo 

We tested first if BrHPP injection alone was able to support activation of g9d2 positive T cells in 



vivo. 



In a first scries of experiment, 4 monkeys were treated by five daily injection of 0.2 mg/kg (0.1 7 
mg/kg anionic form) of BrHPP. and 4 animals were treated with saline. Injection of this dose of 
35 BrHPP did not result in any toxicity in the treated non human primates as assessed by vital signs or 
rectal temperature. Follow up of Vg9Vd2 T cells showed a sU^t increase in % of Vg9Vd2 in two 
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treated animals and none in the placebo group but this expansion was not significant (data not 
shown). 

To test if liighCT doses of the molecule could induce a more consistent activation or expansion, 
another two animals received four daily injections with inoreasing dosing of BrHPP (Img/kg, 4 
mg/kg, 16 mg/kg and 32 mg/kg, or the equivaloit respective doses of 0.83mg/kg, 3.33 mg/kg, 
13.33 mg/kg and 26.6 mg/kg anionic form BrHPP). 

Again no toxicity nor fever was observed in the two treated animals. Follow up of Vg9Vd2 
reavealed a decrease at day two post first injection, but the two animals returned to basal level at 
day 9 (figure 1). Survey of CD25 and CD69 did not give significant results, but these maikcas may 
not be optimal for study of non human priroate cells. 

At least two possibities can e3q)lain the lack of objective response of Vg9Vd2 cells rpon BrHPP 
treatment i) as the BrHPP is a small molecule containing pyrophosphate, it may be exoneted or 
degraded so rapidly that it does not allow sufficient contact with the target cells to allow activation 
of the cells ii) Expansion of g9d2 cells in vivo requires, as in vitro, the presence of cytokine, 
particularly IL2. 

Although we do not have at present an analytical method sensitive enou^ to follow die molecule 
in vivo, it was likely tiiat the serum concentration in vivo would be sufficient to trigger Vg9 Vd2 
cells. In vitro, we and others (Lang, 1995) have shown that the activation of Vg9Vd2 cells occurs 
witiiin minutes after tiie addition of the molecule. Two medianisms may prevent die molecule to be 
active in vivo i) the likely rapid reaial clearance of such a small molecule and ii) a degradation 
process in vivo. The study of the half life of the molecule in primate sera showed that die half life 
of the molecule at ST'C is about one hour. The main mechanism of degradation of the molecule is 
the removal of the first phosphate, rendering die molecule biologically inactive. Nevertheless, tiie 
concentration of the molecule, injected by intravenous route in relatively high amount, should be 
maintained beyond the 20nM EC50 for a significant time, if no additional, blood cell or organ 
related degradation process occurs in vivo. 

To try to reveal the activation of the cells, we tested the concomitant injection of low doses of 
rhIL2 with BrHPP. 

3.2.2. BrPPP + 11/1 induces reproducible, transioit ey pansinn of V^Vd2 cells in vivo in 
cynomolgus. 

4 animals and one control (group 1 animals) were ti-eated with tiie combination of BrHPP or saline 
with low doses of rhE^. This group of animals was con5)Osed of the two previous animals that did 
not show any augmentation of Vg9Vd2 upon injection of BrHPP alone and three new animals. 
Among die four BrHPP treated animals 2 animals vmderwent 5 daily injection of 4mg/kg of BrHPP, 
and two animals underwent a single injection of 20 mg/kg (16.7 mg/kg anionic form). The BrHPP 
treated animals and control were administered the same ihIL2 regimen consisting of 0.9 milUon 
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units twice daily by subcutaneous injection for 5 days. The control animal was treated first with 
saline and JL2, and thai 14 days later with a single shot of BrHPP and a second course of 5 days 
IL2. 

Haematological foUow up of the animals revealed increase of lymphocyte counts by 2 to 4 in the 
5 BrHPP treated animals and control as well, consistent with the IL2 administration- 

A specific expansion both in percent increase among CDS positive cells and absolute numbers of 
Vg9Vd2 was observed in all BrHPP treated animals (fig2). IMs increase was transient, as the 
expansion is seen at day 7 with already a sUght increase at day 3 , and levels bdng back to around 
before treatment level at day 10. The control animal treated with IL2 alone, showed a sUght 
1 0 increase in absolute numbers but no increase in percentage, suggesting that psdpheral Vg9Vd2. as 
other lyn^)hocyte subset, sU^Uy increase upon IL2 administration. Administration of BrHPP on 
the control animal, after this cycle of IL2 alone, results in an expansion consistent with that of 
treated animals, therefore validating this anim a l as a control. 

Absolute increase of Vg9Vd2 was higher in the two animals receiving a single dose of BRHPP 
15 (x30 and x40) as compared to animals recdving the same dose but split in 5 daily injections (x8 
and xl 8) (figure Ic). This may be due either to Hie deleterious effect of multiple injection or lower 
individual dose injected. As single injection was at least as efficient and more practical, next 
experiments were performed with single injection of the product 

20 3.2.3. Dose range effect nf BrHPP in cvnomolens monkey 

To evaluate the dose range effect of the molecule, a new experiment was set on 10 new animals 
(groxq) 2 animals). SubgroTq)S of two animals, one male and one female, were treated with 
increasing doses of BrHPP (0, 0.2, 4, 20, 80 mg/kg). and co-treated with IL2 for 7 days. 
Again, animals treated with 1L2 alone did experience a slight increase of Vg9Vd2 cells, of the same 
25 ordw of magnitude as <x)rapsaed to other lyn^hocyte subs^. 

0.2 mg/kg dose was undistinguishable from the control animals, bolb in terms of % and absolute 
numbers of Vg9Vd2. A dose range effect was observed both in % and absolute numbers of 
Vg9Vd2 fiom 4 to 80 mg/kg (figure 3a) at day 7. without apparentty reaching a plateau. Again % 
and absolute counts came rapidly back to pre-treatment level. 
30 As a plateau was not reached during this treatment, same animals were treated a second time 21 
days post first injection, after Vg9Vd2 came back to pre-txeatment level, with doses ranging ftom 
20 mg/kg. 80 mg/kg, 120 mg/kg and 160 mg /kg. To minimize potential effect of the first treatment 



on 



mg/kg) 



responded to the first treatment (ie animals treated with 0.2, and 4mg/kg during the first course of 

35 treatment, figure 3b). 

The time line of the proliferation after this second injection was about the same as described 
before. It should be noted that at the highest concentration, the level of circulating Vg9Vd2 reached 
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about 80 % of circulating CD3 positive cells (figure 3b), with absolute numbers reaching a mean of 
10,000 Vg9Vd2 cells/mm3. The numbras and percentage of Vg9Vd2 declined after the peak 
between day 5 and day 7 , although the time to go back to pre-injection level appears slower for the 
two highest doses. 

Pooled data from injection 1 and injection 2 gave a clear dose range effect both in terms of 
percaitage and absolute numbers of Vg9Vd2 cells at the peak of response (figure 3c and 3d). This 
dose range effect is observed despite some individual heterogeneity, particularly in the 120mg/l<s 
group, as demonstrated by the error bars, with a no effect dose situated between 0.2 and 4 mg/kg, 
stiU higher doses would have been necessary to establish a plateau. 



^ O.d Influence of IL2 schedule 

5 animals from group 1 were submitted to injections of BrHPP followed by different doses and 
time schedule of IL2. As shown in figure 6, even doses as low as 0.15 milU<m units twice daily are 
sufiBcient to support expansion of Vy9V82 T cells, apparently equival«Hit to higher doses (0.3 and 
1 5 0.9 million units twice daHy). The length of the Vy9V52 ejqpansion does not seem to inCTease when 
IL2 treatment is given for more than five days, althou^ marc animals should be tested to clearly 
establish it Interestingly, an animal subjected to 0.6 million units subcutaneous injection of IL2 as 
a single daily injection also developed an espansion of Vy9V62 cells (data not shown). 

20 3.2.5. Phosphoantigai + TT.2 induce ^ Pivpanginn can be reproduced at least five time^ 
successivelv 

A memory type response to a recall injection of phosphoantigen containing jMreparation (ie BCG) 
was recently suggested in a primate model. We tested if such a response could be obtained with a 
pure prq)aTation of synthetic ligand, and IL2 cotreatmoit. 

25 Animals from group 1 wrae treated a second time with a single shot of 20 mgfk% and 7 days IL2 
and Vg9Vd2 increase was monitored by flow cytometry. Fold increase obtained with the two 
injections is represented in figure 4a. The timing of the aii5)lification of Vg9Vd2 was the same as 
in ttie first injection. The two animals that wrae treated with a single shot of BrHPP during the first 
injection showed a sli^tly reduced anq)Ufication rate in the second injection. The two animals that 

30 were treated with 5 daUy 4mg/kg of BrHPP iiyections showed a sUghtiy higher amplification rate at 
ttie second injection, most probably reflectmg the better effectiveness of single injections over 
fractionated iiyections as discussed before. 

As mentioned before, animals of groiq> 2 underwent two successive injections during the dose 
range assay. Literestingly, the two animals that ware treated first with 80 mgfks, and then with 20 
35 mg/ks showed a decreased e^^ansion, as corrq>ared to all animals tested with a first injection of 
BrHPP at 20 mg/kg (fig 4b). Animals treated first with 20 mg and then with 80 mg showed 
esqwinsions comparable to animals treated with 80 mg/kg at the first injection. Tak«i together, fliese 
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results suggest that response of Vg9Vd2 to BrHPP + IL2 expansion can be repeated twice, 
although may be with lower expansion rate. 

To get forther insight into the possible influence of successive injections on the Vg9Vd2 response. 
5 animals from group 2 (one animal per subgroup) were treated with a third cycle of BrHPP 

5 injection 21 days after the second injection and a fourth cycle after another 21 days. 

Again the kinetic of Vy9 V62 expansion was the same as described previously, with a peak between 
day 5 and day 9. As shown in figure 3c one animal gave a high increase at the third inj ection (x 
28) taterestingly. this animal was the only one which did not come back to the basal level after the 
second injection of I20ms/kg (animal 2034. fig3B). The control animal which recrived only IL2 m 

10 the first two courses of treatment gave an increase of around 40. con^ble wiHi the values 

obtained in four animals treated with this dose in the first two treatment cycles (fig 4b). The three 
other animals gave an5,lification lower than 40. lower than an5>Ufication in animals treated with 
the same dose at injection 1 or 2. 

Tbe five animals treated with a fourth inj ection of 80 mg^g BrHPP and IL2 gave a detectable 
15 increase of Vg9Vd2 although lower than that obtained in the third injection (fig 4b). 

m conclusion, it is shown that induction of proliferation of Vg9Vd2 by BrHPP + IL2 co-treatment 
can be reproduced several times. In these experiments, we could achieve expansion 4 successive 
times, with inj ections of BrHPP separated by 20 days or higher. 

20 ^ 0 Short term r^^^^^tinn of cvto ViTiehv ff9d2 T cells in VIYO upoA challepge wjth 
P)io! ^boantigens 

Vg9Vd2 cells are known producers of TOFa and IFNg in vitro upon phosphoantigen challenge, m 
order to evaluate if these cells couldbe a source of these cytokines in vivo, sera of some animals 
was collected shortiy after BrHPP injection. 
25 San^les of sera were coUected from gro^ 2 animals during the first dose range assay (0 to 80 
mg/kg) just before inj ection then 1 and 4 hours post inj ection, and assayed by BUS A specific for 
TNFa and IFNg. 

Assessment of IFNy did not give significant results in aU treated animals. 
TOFa was detectable m the sera of animals treated at the highest dose (80 mg/kg) one hour after 
30 injectionofBrHPP(fig.5a).llieserumlevelofTT^arapidlydecreasedasitwasnotfi3rther 

detectable 4 hours post BrHPP injection and remains undetectable during the increase of Vg9Vd2 
in blood. Tliis suggests that TNFa is rapidly produced from intracellular, pre-formed pool by 
Vg9Vd2 and then is seldom produced after tiie initial activation by the drug. 

To test the capacity of cells to produce cytokines after expansion with the drug, two animals of 
35 group2wereinjectedafifthtimeat80mg/kgwithBrHPP(withoutII^)atday7postfonrth80 

nig/kg injection. wh«e the level of Vg9Vd2 was at the peak. As shown in figure SB, both Tl^Fa 
and IFNg was detectable in the sera of treated animals. Production of TNFa foUowed tiie same 
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kinetic as compared to the first experiment, with a level becoming undetectable at 4 hours post 
injection. On the reverse. IFNg became detectable at one hour post injection, and increased at 4 
hours post injection, suggesting a slower, but more sustained production of this cytokine. 

5 X 9 7 Absence T^v^ritv nf inie c *^»» r^f RrTTPP alone, or in association with TL1 

No alteraUon of clinical or blood chemical parameters (see material and methods) were seen in any 
of the animals treated either with BrHPP alone or in association with IL2. From an haematologic 
poiut of view, in all animals treated with IL2. a transient increase (2 to 5 times) in lyn^hocytes was 
observed. In ammals treated with the highest dose of BiHPP. a lynq,hocytosis was observed. 

10 corresponding to the peak of Vg9Vd2 in the periphery. 

It should be noted that rectal ten:5,erature was not significantly affected in any animal treated, 
despite the presence of detectable level of TNFa and IFNy inflammatory cytokines in sera of some 



15 



treated ammals. 



EXAMPLE 4 

Phosphostim (BrHPP) LV. Pharmaco-Dynamic Study in Cynomolgus Monkeys 

The objective of this GLP study was to explore further the pharmacodynamic properties of 
20 Phosphostim (BrHPP. 200mg; GMP batdi) alone and in combination with IL-2 following several 
i.v. administrations to cynomolgus monkeys. In particular, this study was plamied to evaluate : 

- A dose-effect relationship between Phosphostim iigection and yST cell peripheral 

arapli&cation; 

- itepharinaco-dynamic effect ofa second, third and aq> to fifth administration of 

25 Phosphostim in male and fanale animals; 

. ThefimctionaUtyof/»vn;oinducedT5TceIls.bydosingsystemiccytokinesaf^^ 

Phosphostim treatmmt; 
. The effect of treatment with lL-2 alone and to vaUdate the selected dose of 0.6 miUion 

lU/day/aoimaL 

Phosphosthn was administered Lv.. as slow infusions (50 ml in 30 minutes), at various dose levels 
to five groups of two animals (one male + one fe«nale). Males received two successive injections of 
BrHPP (Day 0 and Day 22) before sacrifice and females four injections (Days 0. 22. 52 and 84). 
Two females, selected upon their level of response to the 4^ treatment, received a supplementary 
35 injection of BrHPP alone at Day 91. during y5 cell peripheral increase, for systemic cytokine 
dosages. 
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The administration schedule of the test product can be summarized as follows in Table 1 : 

Table 1 

BrHPP Dose Levels (mg/1^*** 



Group 



DayO 
1^ injection 



2°"" injection 



Day 22 



3"* injection 



Day 52 




Day 84 
4*^ injection 



Day 91 
5* injection* 



* administration of Ringra- lactate physiological solution alone as a control 

** females only ^ 
5 •** selected females, upon their level of response to tibe 4 injection 

* without IL-2 co-treatment 

The dose levels in Table 1 are can be converted to BrHPP pure (anionic) form equivalent by 
multiplying each dose by 0.6. Thus, tiie doses of 0.2. 4, 20, 50, 80, 120 and 160 mg/kg in Table 1 
10 are equivalent respectively to 0.12, 2.4, 12, 30, 48, 72 and 96 mg/kg of anionic form BrHPP. 

IL-2 was administered s.c. at tiie following frequency: from Day 0 to Day 6 and from Day 22 to 
Day 28 for aU animals; from Day 52 to 58 and from Day 84 to Day 90 for aU the females. IL-2 was 
administered as two s«?)arate s.c. injections approximately 8 hours ^art of 0.3 miUion lU, 
1 5 corresponding to 0.6 million lU/day/ animal. 



Results 

The first and second administi^tions of Phosphostim and IL-2 resulted in a clear dose-related 
20 elevation of peripheral V79V52 T cells at Day 7, which is r^iresented in Figure 7. 



Hie first sUghtly efBdent tested dose was 4 mg/kg (2.4 mg/kg anionic form BrHPP), 20 mg/kg (12 
mg/kg anionic form BiHPP) inducing 20-fold y3 ceU number increase. The estimated EC50 value 
of BrHPP in vivo was around 120 mg/kg (72 mg/kg anionic form BrHPP) and induced a 100-fold 
increase in circulating y5 cdl count. At the highest tested dose, circulating V79V52 T cells were 
found 200-fold more numerous tiian before treatment and represented the majority of peripheral 



25 



lyrt^hocytes. 



This study confirmed that IL-2 alone induced no specific an^lification of y5 T cells in vivo. 



30 
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Hie effects of Phosphostim treatment on the production of cytokines QNFy and TNFa) production 

in die serum was studied twice: 

- after the first infusion, in aU treated animals: a significant production of systemic TNFa 
(serum concentrations around 60 and 120 pg/ml) was evidenced in both animals having 
received 80 mg/kg, 1 hour aSten BrHPP injection; 

- in two females (F2032 & F2034), which received 80 mg/kg (48 mg/kg anionic form 
BrHPP) (without IL-2) during the peak (Day 7) of the 4* injection. Serum TNFa and INFy 
concentration evolutions for both animals are shown on the following curves (see Figure 
8). 

Thus, Vy9V52 T cells amplified m vivo upon BrHPF/IL-2 co-treatment also produce 
detectable amounts of systemic cjrtoldnes. 

EXAMPLES 

Supplementary Phannaco-Dynamics Studies in the Primate 

We have thus perfonned otiier non-GLP phannaco-dynamics studies in male cynomolgus monkeys 
m order to further document the features of m vrw yS T cells response to consecutive injections of 
BrHPP, varying either the dose or the time-laps between injections. We have demonstrated that, in 
males: 

- at least 3 successive injections. 8 wedcs apart, of eitho: 20 or 80 mg/kg (12 or 48 mg/kg 
anionic forai equilvalent) BrHPP induce significant increases of yS ceU rate and absolute 

count in the paipherjr; 

- at least 4 successive injections, 4 weeks apart, of 20mg/kg (12 mg/kg anionic form 
equilvalent) BrHPP also induce detectable increases of y5 ceU rate and absolute count. 

Thus we confirm that under some drcuonstances, at least four successive peripheral ampUfications 
of y8 T cells induced by BrHPP/IL-2 co-treatment can be obtained, indifferentiy in male and 
fcanale cynomolgus monkeys. 

EXAMPLE 6 

Two-Phase Repeated Dose Toxicity Studies in Cynomolgus Monkeys FoUowing LV. 
Administration of Phosphostim and BrHPP 



The objective of the first phase of tiiis non GLP study was to determine BrfIPP Marii 
Tolerated Dose (MTD) m a group of two cynomolgus monkeys (one male, one female) by 
escalating doses. The second objective of this study was to characterize the toxicity of daily i.v. 
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administration of Phosphostim for two weeks in two cynomolgus monkeys (one male, one female) 
at the MTD determined during the first phase of the study. The animals were treated at increasing 
dose-levels every 3 or 4 days (phase 1) and then at the estimated Maximum Tolerated Dose (MTD) 
daily for 2 weeks (phase 2). 

5 

A total of four cynomolgus monkeys (two males and two females) were divided into 2 groups and 
treated with BrHPP, by intravenous administration over a 1-hour infusion period as follows: 



- Phase 1 (escalating dose): 

1 0 Group 1 (one male and one female) were administered BrHPP and/or Phosphostim (BrHPP, 
200mg) i.v. at increasing dose-levels (160, 400, 600, 900 and 1200 mg^ every 3 or 4 days. 
Anionic form BrHPP equilvalent to these doses are respectively: 96, 240, 360, 540 and 720 mg/kg. 

BrHPP was given as a solution aflex reconstitution in water for injection finally diluted in 
Ringer lactate imder a dose volume of 4, 10 or 15 mL/k%. 

15 

- Phase 2 (fixed dose): 

Group 2 (one male and one female) were administered BrHPP Lv. daily at 900 mg/Tcg/day (540 

« 

mg/kg/day in anionic form BrHPP equivalrait) for 2 weeks. 

20 The animals were diecked daily for mortaUty and clinical signs. Body weight was recorded pre- 
study and on the day of eadi administration in phase 1 or twice weekly throu^ut phase 2, and 
including on the day of necropsy for phase 2. Food consumption was estimated daily, starting at 
least 7 days pre-phase. Hematological, blood biochemical and/or periphearal blood lynqjhocyte 
subset analysis investigations were performed pre-study, on the day of each administration in phase 

25 1, on day 7 in phase 2 and at the end of both phases. Electrocardiographic and blood pressure 
recordings were prafoimed pre-study, on the day of each administration in phase 1 and on day 1 
and at the €aid of treatment in phase 2. Blood, for determination of plasma levels of the test item, 
was sampled on days 1 and 14 in phase 2. On completion of each phase, animals were submitted to 
a conq)lete maraoscopic post-mortem examioation and specified tissues preserved. In phase 2, 

30 selected body organs were weighed and microscopic examination of selected tissues was performed 
for all animals. 



Results 

No unscheduled death occurred and no relevant clinical signs were noted during the treatment 
3 5 phases. BrHPP treatment had no effect on the body wei^ evolution of animals in either phase 
food consumption was unaffected. 
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BrHPP did not affect blood pressure in either phase. No treatment related hematological or blood 
chanistty changes were noted in phase 1. In Phase 2, increased lymphocyte count was noted in 
both animals, which may be attributed to the pharmacological activity of BrHPP. 

5 A sUghtly lowCT absolute thymus weight was noted in the female. 

No relevant findings were found either during Phase 1 or Phase 2 after macroscopic post-mortem 
examination- Lymphoid depletion was seen in the thymus and mesenteric lymph node of the 
female, whereas the opposite trend (increase of foUicular germinal center in the mesenteric lymph 
1 0 node) was noted in the male in phase 2. 

EXAMPLE? 

Two Week Repeated Dose Toxicity Study in Rats FoUowing LV. Administration of 

Phosphostii 

15 

The objective of ihis GLP study was to evaluate the potential toxicity of BrHPP following daily i.v. 
administration in rats for two weeks. 1 1 6 Spiagu»-Dawley rats were aUocated into four groups: one 
control group (Group 1) with 10 males and 10 females and three treatment groups (Gtoaps 2 to 4) 
with 10 males and 10 females. Group 2, 3 and 4 were administered respectively 80. 150 and 300 
20 mg/kg/day (respectively 48, 90 and 180 mg/kg in anionic form equivalent) of BrHPP. Each 
treatment group also had a satellite group of 6 females and 6.males. SateUite animals were 
allocated for toxico-kinedcs purposes. 

BrHPP was administered daily by slow intravenous injection (0.4 miymin) as a solution in sterile 
25 water for injection and Ringer lactate at the dose levels of 80. 150 or 300 mg/kg^day. The control 
group recaved the vehicle (together with 1% sodium to reach an osmolarity similar to the high- 
dose groiqi dosage forms) under the same ejqperimental conditions. A constant dosage-volume of 5 
mL/kg was used. 

30 The animals were checked daily for mortaUty and clinical signs. Body weight and food 

consumption were recorded twice a week. Ophthahnologic examination was performed before and 
at the end of the treatment period. Blood samples for determination of levels of BrHPP were taken 
from sateUite animals on Day 1 and at the end of the treatment period. Vaginal lavage was 
performed in females during pre-treatment and at the end of the treatment period for monitoring of 

35 estrous cycle. Hematological, blood biochemical and urinalysis investigations were performed on 
all principal animals at the end of week 2. On con^letion of the study, all animals were killed and 
subjected to a macroscopic post mortem examination and specified organs were weighed and 
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preserved. Microscopic examiBatioa was perfonned on selected tissues from anixnals of the control 
and flie 300 mg/kg/day groups. 

Results 

No ^nsdieduled death occurred during the study. Vocalization during dosing was noted on many 
occasions in all animals given 150 and 300 mg/kg/day (respectively 90 and 180 mg/kg in amomc 
form equivalent). Dose-related higher mean body weight gain was noted in females treated with 

BrHPP. 

Similar mean food consumption was noted between control and BrHPP-treated animals. No 
, i« animals eiven 300 me/kg/day (180 mg/ks in 



anionic form equivalent) at the end of the treatment period. No changes of toxicologicai 
significance were noted in any hematological, biochemical or urinary paiamet^. No relevant 
differ^K^es in organ weights from controls were noted in any BrHPP^reated group at the end of the 
treatment period. No relevant findings were noted in any BrHPP-treated group at the end of the 
1 5 treatment period from the macroscopic post-mortem examination- Upon microscopic examination, 
sUght changes were observed in the taU vein of both control and BrHPP-tireated animals, and were 
attributed to the mechanical injury due to daily inti:avenous admmistiations. No relevant findings 
^ ^.u^ ™«« anH tissues of animals given 300 mg/kg/day. Additional results regardmg 



blood levels of BrfIPP, monitoring of the estrous cycle and toxico-kinetics are currently bemg 
20 analyzed. 

Conclusion 

BrHPP No Observed Adverse Effect Level (NOAEL) was considered to be 300 mg/kg/day (1 80 
tng/kg in anionic form equivalent), the higjiest tested dose under these study e^erimental 
25 conditions. 

EXAMFUeS 

Analysis of BrHPP-amplified y5 T cells cytotoxicity towards autologous primary tumor cells 

of RCC patients 

30 

The aim of the present study was 

• to establish primary normal and tumor renal cells from RCC patients 

• to investigate the effect of the BrHPP on PBMCs of these patients 

. toinvestigatethelyticpotentialofexpandedVY9V52Tcellsagainstprimaiy 

35 normal and tumor naial cells in an autologous setting. Hiis cytotoxic activity was 

compared with other autologous effectors cells, like LAK cells (Lyn^hokine- 
Activated Killo- cells) for exsraple. 
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8.1 Material and methods 
Patients 

AU mRCC patients (N=12) included in this study presented a renal clear ceUs carcinoma and 
5 underwent partial or total nephrectomy. None of the patients has received any previous treatment. 
Seven out of the 12 patients were not included after tiie initial phase of testing for the main part of 
tiie study, iiformed consent was obtained from the mRCX: patients. 

Expansion of peripheral blood gamma delta T cells 
10 Blood san5)les from 12 RCC patients (50 ml) were collected just before or no more than 2 months 

after the nephrectomy. PBMCs were isolated by centriftigation on Kcoll-Hypaque density gradient 

(Amersham Biosciences). PBMCs from one healtiiy volunteer was used as control. 

Ten miUion PBMCs were cultured at 2xl0«/ml in 24 well plate in RPMI 1640 supplemented with 

10% v/v fetal calf serum (Fetal Clone irradiated, Hyclone). 
15 Polyclonal Vy9V52 T cell lines were specificaUy expanded in presence of 3fjM BrHPP molecule 

(batdiINPA-0214) and lOOIU/ml IL2 during 15 days. 

Every three days, tiie volume corresponding to half culture medium was replaced by fresh medium 
containing only 200IU/ml IL2 

Obtention ofLAKs cells 

20 Five milUons of PBMCs from mRCC patients were cultured in 6-well plate in presence of 

lOOOUl/ml IL-2 for three days. Their cytotoxic activity was assessed in a 4-hour ^'Cr release assay 
in parallel witii autologous expanded Vy9V52 T cells to compare the cytotoxic efficiency of both 
populations. 

25 Establishment and culture of tumoral/normal cell lines 

•me autologous primary tumor cell lines were dsived from tiie tumor fragments by enzymatic 
digestion using Collagenase (300U/ml), Deoxyribonuclase I (500U/ml). Hyaluronidase (3000U/ml) 
(Sigma Aldrich). The same protocol was appUed to a renal normal fragment, taken at distance from 
the tumor, to derive short-term normal renal cells. 

30 These cells were cultured in Dulbecco modified Eagle medium supplemented with 10% FCS and 

Ultross^ (Gibco BRL, Scotland). 
Cell type characterization 

PBMCs from patients are tather frozen or used directiy in culture as mentioned above. 
35 Before in vitto culture, phenotype of 2x10* PBMCs from RCC patients was analyzed using the 
following combinations of fluorescein isothiocyanate (FITC). phycoerythrin (PE) and 
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^thrin-cys 



population (aU purchased fiom Beckman-Coulter): CD3-PC5 /VSl-FUC /IgGl-PE. CD8-PE, 
CD56-PE. At day 15 of the culture, a triple staining was performed on the expanded Vy9V52 T 
ceUs bulk. The following antibodies combinations were performed: 
5 C3)3-PC5Ar52-FrrC/CD8-PEagGlXa316-PE(IgGl),CD2-PEag01),a556-PEagC31^ 

CD69-PE (IgGl). HLA-DR-PE (l^l), CD45RO-PE (1^1), NKG2D-PE agGl), NKG2A-PE 
([gG2b), CD94-PE (IgGl). Ca5158a, b, e-PE (IgOl). 

Background levels were measured using isotypic controls. Compensation was set up with single 
stained samples, low forward scatter dements were excluded from analysis and 10,000 events were 
10 coUected and analyzed using the CeU Quest software (Becton Dickinson). 

Primary normal and turner renal cells were phenotyped by indirect single color fluorescence. Cells 
(2x10*) were incubated for 30 minutes at 4°C with foUowing antibodies: 

anti.HLA.A2, anti-HLA-BC (clone Bl.23.2), anti-HLA-ABC (clone W6/32), CD54, anti-MICA 
(clone BAM 195 provided by Prof: A Moretta (Genovajtaly)). G250-FrrC (provided by Dr. 
Hirsch F. H6pital Paul Brousse, Paris), anti-human fibroblast (clone AS02 Dianova, Hamburg). 
Cells were washed twice with phosphate-buffeed sahne (PBS) and then incubated for 20 minutes 
at 4°C with phycoeiythrin (PE)-conjugated goat anti-mouse Ig. 

Assay for cytolytic activity 
20 Bq)anded yS effector T cells were tested for cytotoxicity against autologous normal and tumor 

target ceU lines, control sensitive target cell line Daudi and control resistant target cell line Raji in 
4h ^'Cr release assay. LAK effector T cells for the same patient were included in the assay to 

coxr^jare their lytic potential against the one of T cells. 

. TargetceUswereusedinamountsof2xl0'cells^wellandlabeledwithl00^Ci"Cr 

25 for 60 minutes. Effector/Target ( E/T) ratio ranged from 30: 1 to 3.75: 1 . 

. Specific lysis (expressed as percentage) was calculated using the standard formula 
((experimental-spontaneous release / total-spontaneous release) xlOO). Data are the 
mean of triplicate wells. 



30 8.2 Results 

Selective ei^ansion ofTCR VS2-bearing T cells in PBMCs of patients with RCC 
First, the abiUty of BrHPP to expand resting yS T cells fix)m praipheral blood of mRCC patients 
was compared to y5 T cells expansion of one healthy volunteer. Seven patients could not be 
included in the study since no blood has been collected (BAZ, DEN.GOU and SAN) or since the 

35 pathology is not a clear ceU (or conventional ceU) renal carcinoma (COU, FAB and ROU). 



PCT/IB03/06375 



91 



For the evaluable patients, PBMCs were stimulated as described in materials and methods. From 
twelve patients analyzed, seven of them (7/12 or 58%), namely BEL, FOUR, MOR, POU, QUI, 
VAG and ZEN presented a Vy9V62 T cells amplification. These mRCC patients had from 1,6% to 
5 4,2% y5 T cells at baseline that expanded from 73.3% to 94.8% after stimulation with BrHPP 
(n=7). 

Five patients, namely CHA, CHAR, PAS, S AU and SCH were not included in the cytotoxicity 
assay since it was iiiq)0ssible to expand specifically their Vy9V52 population in vitro. These 
•BrHPP non responder patients" had fixim 0.6% to 3.8% yS T cells at baseline that expanded from 
10 4.7% to 19.6% aftCT stimulation (n=5). 

When blood sanxplc before nephrectomy was avaflable, the e^eriment was perforaied with this 
sanq)le. It has been checked that same amplification results could be obtained with a blood sample 
collected after nephrectomy (data not shown). 



1 5 Cell type characterization of "BrHPP responder patients 



It 



Effector cells 

Phenotypic analysis of e3q)anded Vy9V52 T cells firom mRCC patients that respond to BrHPP was 
caiiied out. Data from patients QUI and FOUR are not shown for reasons detailed below. Most of 

20 these cells had the phenotype of Ag experienced cells (CD45RO+), ex^resscA adhesion molecules 
like LFA-1 or CD2 and expressed flie costimulatory molecvae NKG2D. Some y5 T ceUs maintained 
an activated phenotype as confirmed by the e;q)ression of CD69 and HLA-DR. DiffCTent 
subpopulations expressing either CDS, CD56 or CD16 could be also identified. Whereas the 
inhibitory hetesrodimer complex CD94/NKG2A was «qjressed by almost half of y5 T cells, 

25 receptors belonging to the Killer Ig-like Receptor fiamily (CDlSSa; b; e) were expressed on very 
restricted subsets. 

Target cells 

Phenotypic analysis of the tumor and normal renal cells from responder patients was pafoimed 
30 after short term in vitro culture. Patient QUI was excluded since no normal renal cells have beeai 
obtained. All the six other patients expressed high level of MHC class I molecule on both normal 
and tumoral cells and were positive for the adhesion molecule CD54. As expected, G250 was 
specifically e:q)ressed on tumoral cells but at various levels. The marker AS02 indicated the level 
of fibroblastic contamination in the culture. That ranged fiwm 4,7% to 58,3% for flie normal cells 
35 and from 6,7% to 53,2% for the tumoral counterparts for the patients BEL, MOR, POU,VAG and 
ZEN . It is important to note that. ex.ce^t for ZEN, the fibroblast (which is a ceU type resistant to yS 
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T ceU lysis) contajnination level is Hgher in the tumoral culture that in the corresponding normal 
ceU culture. Patient FOUR showed a large contamination, since in the tumoral culture only the 
fibroblasts were growing (98.5% of AS02 positive cells). Patient FOUR was then also excluded 
fiom the main part of the study. MICA expression level, read out by BAM195 staining, is rather 
low on all the cells tested, except for BEL normal renal cells. 



In vitro cytotoxicity ofaqfanded Vr9VS2 T cells from mRCC patients 

Lytic activities of amplified y5 T cells w&ce measured against classical control targets (Raji and 
Daudi), primary autologous normal and tumor ceU lines of the selected patients in a 4h standard 
10 "Cr release assay for the five patients BEL, MGR. POU.VAG and ZEN. Individual data and the 
mean of these five patients results are shown in Figures 9A and 9B. 

• Vy9V62 T cells expanded by BrHPP exhibited 36.7 +/- 5.4 % (range 29.1 to 
43.1%) of specific lysis against primary tumor cell lines for flie 30: 1 ratio, whereas 
the primary nonnal ceU lines were lysed at 12.5 +/- 5.0% (range 7.0 to 18.9%) at 

15 the same ratio. These results are the mean of the five patients tested. 

• The lysis level of tumoral cells by autologous effector cells is significantly higher 
con^»ared to the normal controL In a bidirectional paired student's t test, the p 
value is: p = 0.0002 at 30:1 E/T ratio, p = 0.01 at 15:1 E/T ratio and p = 0.04 at 
7.5:1 E/T ratio. 

20 In aU cultures analyzed. yS effectors T cells presented a strong lytic activity against control 

sensitive target cell line Daudi (68.3 +/- 14.2%) and very low activity against control negative 
target cell line Raji (12.9 +/- 5.0%). 

For patient ZEN, lysis by autologous LAK cells was investigated. As expected LAK ceUs showed a 
lytic activity against Daudi and Raji cell lines but also the normal and tumoral cells with cowpsKd 
25 efficiency. These results have to be confirmed with other patioits but they underline the lack of 
specificity of LAK cells mediated lysis. 

8.3 Discussion 

In tiiis study, we have shown that peripheral V79V52 T cells from RCC patients can be expanded 
30 in vitro by BrHPP stimulation in 58% of the cases (7 patients out of 12). These cells displayed a 
selective lysis against autologous renal tumor cells and not against raial normal cells as read out by 
cytotoxic assay. 

However, this lytic activity of expanded y5 T cells toward primary tumor cells may have been 
minimized due to a variable level of contamination by fibroblasts in these cultures: the percentages 
35 of fibroblasts ranged from 4.7% to 58.3% for normal cells and ranged from 6.7% to 53.2% for 
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^ cdls. con— ion otp^ary ceU modm«i*eB;r ratfo of toCotoxlc 

rS«.ore.B-«us.^inb«..cc„dmo..w.p.po«dU.»«*«™uwi*«.^ 
^Wy(clo«AS02,I)tao™)»»lthea»cd««fh«P»rifi«ir«.al«anorceUs. 
Wobav^oWdncd confi^^on «^ e^aMcd r6 T cdls did no, lys. fibrobUs.. Tl« 

fitaobte«. Tt= C^toic ass., Witt. *e a.«>lo80»s Vv9VS2 T eels showed ta. tt.ese 

„as w«e W a. 4,0% a. tt.. 30: 1 «Uo whereas Daudi we« lysed a. 75.4% a. tt.e san« rauo. 

TO conctade. *is smd, showed « for all tt. .stable paden.. tt» Penary celU b„. no. 
^ eells could be specificaUy ly»d by a-ologons in »«, BrHPP steoW y6 T cells. 

Example 9 

,5 vHr. «>d i. ylv. dosage response e.n*«h.n of BrHFP «.d HDMAPP cn.p..nds 

9.1 Materials and methods 
9.1,1 In vivo 

study, boc^wei^ ranged tan 3.5 .0 4 kg and ages ftom 37 » 41 monto. 
Hi.ba»l.yconditionsconfor=«dtott.Enn.peanr«rto.x»«s.oon^ 

l^dity. air change and U*ttng cyd. Anin^ls were housed nrdrvrdnally 

s^el cages. Pood was provided «»1 o«posrf of expanded co.rpl«e ^ ^ 

25 ajAiLViUemoisson,Epinay/Orge,ftance)snppl=ma4ed daily Witt. &eAta^^ 

^I!;.anaesttr«i^wi.i.i-«™-^^-^°f^^'^™ 
Zolazepam, Virbac. Canos, France) before any perfusion. 



HDMAPP/IL2 

30 HDMAPP rinitiaUy at 21 .SmM. •, ,^ wfiltmtion 

HDMAPP wasprodacedaccordingto the methods descn^edherem^ 

on 0.22MM miaofflters. HDMAPP solutions in water are stored frozen. 
II2.Proleukin®fioma>iron(En^e.USA),atl8Mmpervial,stor^ 

^;lt^.ithl^sterUewaterforinJectio.T^start^^ 

1 on. water, and doses of 300»a (0.6M lU) are ii^ectal daily. Each diluted solution ba^ 



35 



at 4**C for up to 3 days. 



Injections/Blood samplings 
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HDMAPP was administered Lv. to male cynomolgus monkeys by 30-minute perfusions in a total 
volume of 50 ml with Ringer Lactate as vehicle. 

Injected HDMAPP doses : 2.5mg/k& 0.5mg/kg, O.lmg/kg and 0.02mg/kg. 
The g»iima1.Q were co-treated subcutaneously with 0.6M lU IL2 in sterile water day for 5 days. 
Blood was drawn pre-dose and at day 4, 5, 7, 1 1 and 14 after HDMAPP perfusion for flow 
cytometry analysis of blood cellular populations of interest- 
Blood samples (1 to 4 ml) were withdrawn from femoral vessels/artery into heparin-lithium 
containiQg tubes. Tubes were shipped overnight at room temperature (RT) before flow cytometry 
analyses. 

Flow cytometry 

Blood samples (1 to 4ml) were withdrawn from femoral vessels/artery into heparin-Uthium 
containing tubes. Tubes were shipped overnight at room tenq)€a:ature (RT) before flow cytometry 
analyses. 

Peripheral yS lymphocytes were analysed by flow cytometry on total monkey blood, after triple 
staining with anti-Vgamma9FITC, anti<3>3PE and anti-CD69PC5 antibodies (VgammaP-FTTC : 
7B6 clone, produced, purified and FTTC-coupled at Innate Pharma; CD3-PE : SP34 clone, BD 
Biosciences Phaimmgen, Le Pont de Claix, France; CD69PC5 : FN50 clone, Inmiunotech- 
Beckman-Coulter, Marseilles, France). 

Briefly, 50jd monkey blood was incubated 15 min at RT with 10^1 anti-gammaP-FTTC, 5\i\ anti- 
CD3-PE and 5jil anti-C»69PC5 antibodies. Antibodies were washed with 3ml IX PBS, 
centrifixged for 4 min at 1300rpm at RT and supernatant was discarded. Red cells were lysed with 
the OptiLyse C reagent (Immunotech-Beckman-Coulter, Marseilles, France) according to the 
manufacturer's instructions. At the final step, staiaed white bjood cells were recovered by 
centrifiigation and resuspended in 300^il IX PBS + 012% PFA. Immediately before analysis, SOjil 
calibrated Flow Count™ Fluorospheres (Immunotech-Beckman-Coulter, Marseilles, France) were 
added to the cells for absolute numb^ counting of the populations of interest. 
Flow cytometry was performed on a Epics XL-MCL apparatus (Beckman-Coulter, Roissy, France) 
with the Expo32 software. 

9 J. 2 In vitro 

In vitro prolifraation assays and in vitro TNFa release assay are performed essentially as described 
in Example 3. 



9.2 Results 
9.2 J In vivo 
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15 



20 



25 



HDMAPP injections on the 8 test animals were carried out according to the foUowing schedule in 
Table 2: 

Table 2 



30 



AnimalsVDates 



AD235 



AD384 



Day 20 of 
month 1 



Day 31 of 
month 2 



2.Sma/kg 



2.SmB/kg 



O.Smg/kg 




Day 18 of 
month 4 



2.5mg/l^ 



0.5mg/kg 



Day 30 of 
months 



2.5inB/kg* 



* The result of this injection was not used for the calculation of the dos«i-range effect (see below). 

Ite effect of successive Lv. injections of various HDMAPP doses to cynomolgus monkeys was 
monitored, hidividual curves of percentages of peripheral yd T cells and absolute blood count of 
the same cells was determined for each animal . 

In vivo amplification was assessed after 4 successive injections, 5 weeks apart, of 2.6mg/kg 
HDMAPP. The 4 successive HDMAPP treatments led respectively to approx. 60. 55, 60 and 40% 
y5 cells among C3D3* at day 5). 

In vivo an?>lification was assessed after 4 successive injections of 20 or 80mg/kg Phosphostim®, 4 
or 8 weeks apart. The 4 successive BrHPP treatments led respectively to repeated increases of y6 
cells as desraibed in previous exanqples herein. 

The dose-range effect of HDMAPP and BrHPP in vivo as determined by detennining numbers of 
y5 T cells by flow cytomeliy are shown in Figures 10 to 13. HDMAPP was tested m four doses as 
described in Table 2. and as shown, these data were obtained from various numbers of mjections 
(2.5mg/kg : 3 injections; 0.5mg/kg : 5 injections; O.lmg/kg : 3 injections; 0.02mg/kg : 3 injections), 
BrHPP was tested in seven doses: 0, 0.12, 2.4, 12, 48, 72 and 96 mg/kg. Hie figures present y5 T 
cells counted at days 5 and 7 for HDMAPP and day 7 for BrHPP. As discussed above, the peak of 
y6 T ceU expansion is found to be at day 5 after injection. For each dose range, results are 
expressed in (a) fold y& T ceU increase in absolute ceU count (W blood), (b) absolute cell count 
(W blood), (c) percentage yS T cells of total circulating lyn?)hocytes. and (d) fold increase in 
percentage of total circulating lyn5>hocytes. 

Figures lOA and lOB show the absolute ceU count (W blood) for HDMAPP and BrHPP 
respectively. 
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Figures 1 1 A and 1 IB show the percentage y6 T ceUs of total circulating lyn?)hocytes for HDMAPP 
and BrHPP respectively. 

Figures 12A and 12B show the fold y5 T cell increase in absolute ceU count (W blood) for 
HDMAPP and BrHPP respectively. 

Figures 13A and 13B show the fold increase in percentage of total circulating lymphocytes for 
HDMAPP and BrHPP respectively. 



9.2.1 Comparison of BrHPP and HDMAPP in vitro and in vivo bioactivity 



10 



35 



BrHPP and HDMAPP bioactivity were compared using in vitro and in vivo assays. The in vitro 
biological activity of y5 T ceU anq)lification from human PBMCs (in the presence of AIi:2) was 
assessed using a TNFa release assay. In vivo activity was determined as described above and 
shown in figures 10 to 13. For purposes of comparison, the aminobisphosphonate conq)ound 
1 5 Zoledronate®. the most potent aminobisphosphonate evaluated so fer by the inventors, was 
included in the in vivo con:?)aiison. 

nie in vitio comparison is shown in figure 14. Figure 14 shows the in vitio EC50 for the 
conq.ounds: for BrHPP the EC50 is about 30 nM while for HDMAPP the EC50 is about 0.6 nM. 
20 approximately a 50-fbld difference in potency. 

nie in vivo comparison is shown in figure 15. Figure 15 shows the in vivo EC50 for the 
compounds: for BrHPP the EC50 is about 1 nM whUe for HDMAPP the EC50 is about 5 pM. 
approximately a 2.1og difference in potency. By contrast, the less pot«rt Zoledronate® showed an 
25 EC50 value of about 1 nM. 

EXAMPUSIO 

Lb vivo efBcacy of human y5 T ceUs Nod-Scidniimor Model 

30 The aim of this project based on the iise of the Nod-SOD/tumor mice model, was to study the 
proliferation of human y5 T cells after an in vivo single stimulation of human MNC with BrHPP 
and to study the in vivo anti-tumoral efficacy of the developed y5 T cells. 



Materials and methods 

Preliminary studies to set up the Nod-SCID/tumor and to stimulate human MNC with B^P in the 
Nod-SCaD wCTe carried out as follows: 
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* The foUowing renal tumor cells lines purchased from the ATCC (786-0, Kacil, 
G401 and G402) were used for the establishment of the model. 786-0 and Kaci-l cells lines were 
renal clear cell carcinoma (RCC). G401 rhabdoid and G402 leimyeloblastoma. 
8-12 wedcs Nod-SCDD mice were used as recipient of the cells lines. 

Each mouse received, at the left flank's upper part, 2-5 xlO« cells by subcutaneous injection at day 
DO. The appearance and the growing of the tumors evolution were checked weekly. 
The tumors appearance and development dq,end on the ceU line and on the number of engrafted 
cells. For example, after the engtaflment of 2xl0« cells. 3 to 4 weeks were needed for the 7860 
and Kaci-l , while 2 weeks were needed for the G401 and 402. 

* At day 0. mice were injected IP 50*10* PBMC (collected from healthy donor, 

6tablissement frangais du sang), then stimulated (IP) 40mg/kg BiHPP mixed with 1000 lU of IL2. 
At D5 and each every three days, mice were treated with 500 UI of Human y5 T cells were 
developed in the peritoneal cavity of Nod-SCID/human (hu) BrHPP treated mice. 



AnU-tumorcd efficacy 

Taking advantage of the tumoral development in the Nod-SOD mice and Uie in vivo stimulation of 
the human y5 T cells, the anti-tumoral effect of the y5 T cells was studied in vivo. Hie tumoral 
model was established by engrafting 2x10* of 786^ cells lines, three wedcs lat«. when the volume 
of the soUd tumor reached more than > 3 0 mm3 (calculated with the formula A^ X B/2 where A and 
B represent respectively the length and breadth of the tumor). Mice, randomized, received IP 
PBMC and treated for the stimulation with BdffP. Several gn«q»s were constituted: 

A- Negative control group: Mice in the group received only tumoral cell line 

B- PBMC group: Mice were injected IP with 50X10* PBMC 

C- Study group: Mice after recaving Ihe 50X10* PBMC were treated with BrHPP and IL2. 
For each group, parameters were observed as follows: 

- Weekly check of the tumcMr size and volume 

- Weekly phenotype of human T cells in the peritoneal cavity and blood collected ceUs for 
the percentage of human y5 T cells versus ab human T cells. 

- Serological TOP and INF check 

- At sacrifice: 1- phenotype study of the homing of human leukocytes cells and their 
phenotype OP. liver, lung, spleen, bone morrow, blood, thymus and tumor). 

2- hnmunohistochemistiy (IHC) study in the tumor of the recipient mice. 



Results 
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Tunior growth: Human IL2 treatment of the 786-0 tumor did not induce any activity, 
no difference was observed between the tumor size in this group and the non treated 
mice group. 

Tumor growth in the first few daj^ after BrHPP treatment is shown in Figure 15. 
5 While tumor size increased in the first few days after treatment, tumor size decreased 

therafter quicldy in the PBMC/BrHPP and IL2 treated group. Figure 19 shows that 
from day 7 onwards the tumor size shrank. In the PBMC group, after short arrest, the 
size grows and no significant difference was observed between the tumors sizes in this 

group and those of the negative control. 
10 • Phenotyping and homing ofhuman cells: In the peritoneal cavity: the weekly check of 

the IP phenotype of treated mice showed a human ^5 T ceU presence only in the BrHPP 
treated mice. The relative numbers of y5 T cells in the blood is shown in Figure 16 and 
m the peritoneal cavity in Figure 17. Human y5 T cells represent a higher percentagp of 
the human CD3 T cells. In the mice recipient organs: phenotyping is canied out at 
15 sacrifice (4 weeks after the PBMC and BrHPP treated or not treated groups); the major 

human cells present in those organs are human CD3+ T cells with 99% expression of 
the Ab TcR. However in the tumor, human yS ceUs were present only in the BrHPP 
treated groiq). 

• mC: 4 Mm sUdes of the tumor coUected at the sacrifice confirmed the y5 T cells 
20 presence only in the tumors from PBMC BrHPP treated mice. The frequency of the 

human yS T cells inside the tumor looks to be correlated with the delay of the BrHPP 
treatment. 

Conclusion 

25 Data obtained here demonstrated the y5 efficacy in vivo. y5 T cells exercise their activity in the 2 
weeks after the BrHPP stimulation. This effect is prolonged and stable, in the groiq) of mice where 
the tumor was cleared, no reappearance of new tumor was observed 12.weeks after the treatment 
In 4 of 10 mice, the tumor was not totally cleared; but even in this group, tumor growth was 
stopped and the tumor size stayed stable after 12 weeks. The TIL in the BrHPP-untreated mice 

30 consists of ab T cells; however we did not observe any tumoral activity in iMs group. 

EXAMPLE 11 

Administration of BrHPP for treatment of advanced/metastatic soUd tomors In humans 

35 Phosphostim is based on a new chemical entity, the drug substance Bromohydiin Pyrophosphate 
(BrHPP), which is a specific agonist of immune competent cells namely the Vy9V52 T cell 
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subpopulation bearing anti-tumor activity. Phosphostim (BrHPP, 200 mg) is the intravenous 
formulation of BrHPP for cancer immunotherapy, which will be used in combination with low dose 
of IL-2 (s.c. 1 M lU/mVday) in a first clinical trial in patients with advanced/metastatic solid 
tumors. 

5 

Clinical trial 

Phosphostim has never been previously administered to humans. The main objective of the planned 
phase I clinical trial with Phosphostim is to evaluate the safety and tolerance of a Phosphostim 
alone and in combination with a fixed dose of IL-2, This trial is a single arm, open-label, national, 

1 0 multi-center, dose-escalation trial in sequential cohorts of patients with advanced/metastatic solid 
tumors. A traditional dose escalation design (Fibronacci) will be used, with cohorts of 3-6 patients 
at each dose leveL All patient cohorts will receive repeated cycles of treatment every 3 weeks. The 
jBrst cycle will consist of one administration by infusion of Phosphostim alone and from the second 
cycle onwards, 1 miUion lU/mVday of IL-2 will be added (for a total duration of 7 days). 

15 Phosphostim starting dose will be 200 mg/m^ (5 mgflcg) corresponding to 1 1 8 mg-equivalent of 
BrHPP anionic form. The pharmaco-kinetics and phaimaco-dynamics prop^es of Phosphostim 
alone and in combination with IL-2 will also be evaluated in this study. 

Phosphostim (BrHPP, 200 mg) is a freeze-dried apyrogenic sterile white powder to be reconstituted 
20 in solution for infusion. 

Each vial of Phosphostim (BrHPP, 200mg) contains 200 mg of BrHPP anionic form and 50mg the 
excipient alpha-lactose monohydrate (USP). 



25 Phosphostim (BrHPP, 200 mg) has a shelf life of 6 months at -20^0. Additional stabiUty studies are 
currently on-going. Until these studies are conq)leted, Phosphostim should be stored at -20°C 
±5°C, protected from Ught. 

Phosphostim is for immediate and single use following first opening and reconstitution. 
30 Phosphostim is reconstituted immediately prior to use with 2 ml of water for injections to make a 
100 mg/ml solution. The needed quantities of reconstituted product are diluted in a total volume 
100 ml of ringer lactate buffer infusion vehicle. The diluted solution is clear and colorless. 



Phosphostim is administered intravenously over 1 hour. 
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CLAIMS 



1 . The use of a T cell activator, together with a phannaceutically acceptable carrier, for the 
manufecture of a phannaceuticai coniposition for the treatment of a soUd tumor in a warm-blooded 
animal in need of such treatment. 

2. A method for treating a soUd tumor, said method conqirising the step of administering to a 
warmrblooded animal, in at least one treatment, a therapeutically effective amount of a yS T ceU 
activator, together with a pharmaceutically acceptable carrier, to a warm-blooded animal in need of 
such treatment 

3. The use of claim 1 , wherein at least two treatments are administered to said animaL 

4. The use of claim 1, wherein at least tinree treatments are adaainistered to said animal. 

5. The use of claim 1 , wherein at least four ti^atments are administered to said animaL 

6. The use of claim 1 , wherein at least six treatments are administered to said animaL 

7. The use of any one of the above claims, wherein the yS T cell activator is administered in more 
than one treatment with an interval of about two to about eigjit weeks between treatments. 

8. The use of any one of the above claims wherein the y5 T ceU activator is administered in more 
than one treatment wilh an interval of about three to about four weeks between treatments. 

*■ 

9. The use of a y5 T ceU activator, together witii a phaimaceuticaUy acceptable caixier, for tiie 
manufecture of a pharmaceutical conqwsition for the ti^atment of a tumor in a warm-blooded 
animal in need of such treatment, wherein the y5 T cdl activator is administered in more than one 
treatment witti an interval of about two weeks to about ei^ weeks between treatments. 

10. The use of claim 9, wherein at least two treatments are administered to said animal. 

1 1 . The use of claims 9, wherein at least three treatments are administered to said animaL 



1 1 . The use of claims 9, whewan at least four treatments are administered to said animal 
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CLAIMS 

1 The use of a y5 T cell activator, together with a pharmaceutical ly acceptable earner, for the 
manufacture of a pharmaceutical composition for the treatment of a solid tumor in a warm-blooded 
5 animal in need of such treatment. 

2. A method for treating a solid tumor, said method comprising the step of administering to a 
warm-blooded animal, in at least one treatment, a therapeutically effective amount of a y5 T cell 
activator, together with a pharmaceutically acceptable carrier, to a warm-blooded animal in need of 

10 such treatment. 

3. The use of claim 1. wherein at least two treatments are administered to said animal. 

4. The use of claim 1 . wherein at least three treatments are administered to said animal. 

15 

5. The use of claim 1, wherein at least four treatments are administered to said animal. 

6. The use of claim 1, wherein at least six treatments are administered to said animal. 

20 7. The use of any one of the above claims, wherein the yS T cell activator is administered in more 
than one treatment with an interval of about two to about eight weeks between treatments. 

8. The use of any one of the above claims wherein the yS T cell activator is administered in more 
than one treatment vsdth an interval of about three to about four weeks between treatments. 

25 . , 

9. The use of a T cell activator, together with a pharmaceutically acceptable carrier, for the 

manufacture of a pharmaceutical composition for the treatment of a tumor in a warm-blooded 
animal in need of such treatment, wherein the yb T cell activator is administered in more than one 
treatment with an interval of about two weeks to about eight weeks between treatments. 

30 

1 0. The use of claim 9. wherein at least two treatments are administered to said animal. 

1 1 . The use of claim 9, wherein at least three treatments, preferably at least four treatments, are 
administered to said animal. 

35 
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12. The use of claims 9, wherein at least six treatments.are administered to said animaL 

13. The use of claims 9 to 12, wherein the tumor is a haanatological tumor. 

14. The use of claims 9 to 12, whwein the tumor to be treated is a lymphoma. 

15. The use of claims 9 to 12, wherein the tumor is a solid tumor. 

t 

16. The use of any one of the above claims, wherein the biological activity of y5 T cells are 
increased in said warm-blooded animal or said subject 

17. The use of any one of the above claims, wherein the number of drculating yS T cells are 
increased in said warm-blooded animal or said subject. 

18. Hie use of any one of the above claims, wherein said y5 T cell activator is administered in an 
amount sufficient to expand the yS T cell population in a subject to reach between 30-90% of total 
circulating lymphocytes 

19. The use of any one of the above claims, wherein said y5 T cell activator is administered in an 
amount sufficient to induce an at least 10-fold increase in tbe y6 T cell population in a subject 

20. The use of any one of the above claims, wherein the tumor is a metastatic tumor, wherein the 
y5 T activator is administered to a human in need of such treatment in a dose that is appropriate for 
ibs treatmait of said disease. 

21. The use of claims 1 to 8, 15 to 20, wherein the tumor to be treated is selected from the group 
consisting of lung, colorectal, prostate, breast or epidermoid head or neck tumors. 

22. The use of claims 1 to 8, 15 to 20 where the tumor to be treated is a renal cancer. 

23. The use of claims 1 to 8, 15 to 20 where the tumor to be treated is a metastatic renal cancer. 

24. The use of claims 1 to 8, 15 to 20 where the proliferative disease to be treated is selected from 
the group consisting of a melanoma, ovarian cancer, pancreas cancer, neuroblastoma, head or neck 
cancer, bladder cancer, renal cancer, brain cancer and gastric cancer. 
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25. The use of any one of the above claims whereia tbe y§ T ceU activator is a composition 
comprising a compoimd capable of inducing the proliferation of a y§ T ceU in a pure 
population of y§ T ceU clones when said compound is present in culture at a concentration of less 
than 1 mM. 

26. The use of any one of the above claims wherein the yS T ceU activator is a composition 
conq>rising a compound of formula (I) : 




R 

b-Cat+ 

m 

Formula CO 

wherein Cat+ represents one (or several, identical or different) organic or mineral cation(s) 

1 0 (including proton); 

m is an integer from 1 to 3; 

B is O, NH, or any grovq) capable to be hydrolyzed; 

Y = 0-Cat+. a C1-C3 alkyl group, a group -A-R, or a radical selected from the group consisting of a 
nucleoside, an oUgonucleotide, a nucleic a<ad. an amino acid, a peptide, a protein, a 
15 monosaccharide, an oligosaccharide, a polysaccharide, a fetty acid, a simple Upid, a con^lex Upid, 
a foUc acid, a tetrahydiofoUc acid, a phosphoric acid, an inositol, a vitamin, a co-enzyme, a 
flavonoid, an aldehyde, an cpoxyde and a halohydriii; 
A is O, NH, CHF, CF2 or CH2; and, 

R is a linear, branched, or cycUc. aromatic or not, saturated or unsaturated, C1-C50 hydrocarbon 
20 group, optionally interrupted by at least one hetaoatom. wherein said hydrocarbon group 
comprises an alkyl, an alkylenyl, or an alkynyl, preferably an alkyl or an alkylene. which can be 
substituted by one or several substituents selected from the group consisting of : an alkyl, an 
alkylenyl, an alkynyU an q,oxyalkyl, an aryl, an heterocycle, an alkoxy, an acyl, an alcohol, a 
carboxyiic group (-COOH). an ester, an amine, an amino &oup (-NH2). an amide (-CONH2). an 
25 imine, anitrile, anhydroxyl (-OH), a aldehyde group (-CHO), anhalogen, an halogenoalkyl, athiol 
(-SH), a thioalkyl, a sulfone, a sulfoxide, and a combmation thereof. 

27. nie use of claim 26. where the yd T ceU activator is a conq,osition comprising a compound of 
formula (U): 



PCT/IB03/06375 



109 



O O 



X 



OH 

C (CH2)n— A-I7P— B-| 

Ho I 



IT) 



R1 0-Cat+ 0-Cat+ qj^ 

in which X is an halogen (preferably selected from I, Br and CI), B is O or NH, m is an integer 
from 1 to 3, Rl is a melliyl or ethyl group, Cat+ re?>resents one (or several, idaitical or different) 
organic or mineral cation(s) (including the proton), and n is an integer from 2 to 20, A is O, NH, 
5 CHF, CF2 or CH2, and Y is O Cati-, a nucleoside, or a radical -A-R, wherein R is selected from the 
group of 1), 2) or 3). 

28. The use of claim 27, whardn the compound of formula (U) is BrHPP. 
10 29. The use of claim 27, whraein the confound of formula (H) is CBrHPP. 

30. The use of claim 27, wherein the coiiq>ound of formula QS) is epoxPP. 

31. Hie use of claims 27 to 30 wherein the y5 T cell activator is administered in a dose to humans 
15 between 10 mg/kg to 100 mg^ 

32. The use of claims 27 to 30 wherein the y5 T ceU activator is administered in a dose to humans 
that is calculated according to the formula (I) single dose (mg/kgKlO to y) * N (D where N is the 
number of weeks between treatments and y is 100. 

20 

33. The use of claim 32 wherein the yS T cell activator is administered in a dose to humans that is 
calculated according to the formula 0): single dose (mg/kg)=(5 to 60) * N (I). 

34. The use of claims 27 to 30, wherein said yST activator is administered by intravenous infusion 
25 in a dose to humans that is calculated according to the formula (T): single dose (mg/kgKlO to 100) 

* N (0, whCTeN is the number of weeks between treatments such that N is between about 3 and 
about 4. 

35. The use of a CBrHPP conq»ound for the manufecture of a pharmaceutical corc^osition for 
30 regulating Vy9A^62'^ T cells in a human subject, wherein the CBrHPP conq)ound is administered 

into said subject at a dose of between 10 mg^ to 100 mg^ of said con^und per kilogram of the 
subject's wei^iL 
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36. The use of a CBrHPP compound for the manufacture of a pharmaceutical composition for 
regulating V-^IWbl* T ceUs in a human subject, wherein the CBrHPP confound is administered 
into said subject at a dose of between 10 mg/kg to 100 mg/kg of said compound per kaogram of the 
subject's w&ght within a paiod of less than 24 hours. 

5 

37. The use of claims 27 to 36 wherein the yS T cell activator is administered in a dose to humans 
betweai 5 mg/kg to 60 mg/kg. 

38. The use of claims 27 to 36 wherein the yS T cell activator is admmistered in a dose of about 20 
10 mg/kg. 

39. The use of a compound according to claim 27, for the manufacture of a pharmaceutical 
conq>osition for stimulating a y5 T ceU in a wami-blooded animal, wherein said compound is 
administered to the waim-blooded animal in more than one treatment, with an interval of about two 

1 5 wedcs to about eight weeks between treatments. 

40. The use of claim 26, wherein the y6 T ceU activator is a con5»osition comprising a con^und of 
formula (XII): 

I r I"! 1 J 

C =IW 9 A+P-B-fc 




R6 0-Cat+ 0-Cat+^ 

20 in which Rj, R4. and Rs , identical or different, are a hydrogen or (C,-C3)alkyl group, W is -CH- or 
-N-, R« is an (C2-C3)acyl, an alddiyde, an (C,^3)alcohol. or an (C2-Cs)ester, CalH- represents one 
(or Several, identical or different) organic or mineral cation(s) (including the proton), B is O or NH, 
m is an integer from 1 to 3, A is O. NH. CHF, CTj or CH2, and Y is 0-Cat+. a nucleoside, or a 
radical -A-R, wherein R is selected from the groiq) of 1), 2) or 3). 

25 

41. The use of claim 40. wherein the compound of formula (XII) is HDMAPP. 

42. The use of claim 40, wherein the compound of formula (XII) is CHDMAPP. 

30 43. The use of claims 40 to 42 wherein the yS T cell activator is administered in a dose to humans 
that is calculated according to the formula (1): single dose (mg/kgKO-OOl to y) * N (D, where N is 
Ae number of weeks between trea t m ent s and y is 100. 
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44. The use of claim 43 wherein the y5 T ceU activator is administered in a dose to humans that is 
calculated accordmg to the formula (T): single dose (mg/kgHO-Ol to 20) * N (I). 

45. The use of claim 43 wherein the y5 T ceU activator is administered in a dose to humans that is 
5 calculated according to the fomiula (I) single dose: (mg/kg)=(0.01 to 5) * N (I). 

46. The use of claim 43 wherem the y5 T cell activator is administered in a dose to humans that is 
calculated according to the fomiula (D single dose: (mg/kgK0.02 to 5) * N (I). 



10 



25 



47. The use of claims 40 to 42 wherein the y5 T cell activator is administered in a dose to humans 
between 10 ng/kg to 20 mg/kg. 



48. The use of claims 40 to 42 where said y5T activator is administered by intravenous infusion in a 
dose to humans that is calculated according to the formula 0) single dose (mg/kg)K0.0 1 to 20) * N 

15 (D where N is the number of weeks between treatments sudi that N is between about 3 and about 4. 

49. The use of a compound of foiraula (II): 



9 



c 



(CH,)n-A-[-p-B4 



m 

R1 d-Cat+ 0-Cat+ 



m 

20 in which X is an halogen (preferably selected from I. Br and CI). B is O or NH. m is an integer 
from 1 to 3, Rl is a methyl or ethyl group, Cat+ represents one (or several, identical or dififeent) 
organic or mineral cation(s) (including the proton), and n is an integer from 2 to 20. A is O. NH, 
CHF, CF2 or CH^, and Y is 0-Cat+. a nucleoside, or a radical -A-R. wherein R is selected from the 
ffoup of 1), 2) or 3), 

for the manufacture of a pharmaceutical composition for regulating Vy9Ar82* T cells in a 
human subject, wherein said con?.ound is administered into said subject at a dose of between 10 
Hg/kg to 20 mg^ of said compound per kUogram of the subject's weight. 

50. The use of a HDMAPP or CHDMAPP compound for the manufecture of a pharmaceutical 
30 composition for regulating Vy9A^62" T cells in a human subject, wherein tiie HDMAPP or 

CHDMAPP compound is administered into said subject at a dose of between 10 ng/kg to 20 mg^ 
of said conqKwnd per kilogram of the subject's weight. 
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5 1 The use of a HDMAPP or CHDMAPP confound for the manufacture of a pharmaceutical 
composition for regulating Vy9A^62* T cells in a human subject, wherein the HDMAPP or 
CHDMAPP compound is administered into said subject at a dose of betwerai 10 jAg/kg to 20 mg/kg 
of said conqjound p«- kilogram of the subject's weight within a period of less than 24 hours. 

5 

52. The use of claims 50 or 5 1 wherein the yS T ceU activator is administered in a dose to humans 
between 10 \ig/kg to 5 mg/ks. 

53. The use of claims 50 or 51 wherein the y5 T ceU activator is administered in a dose to humans 
10 between 10 |xg/kg to 2.5 mg/kg. 

54. The use of claims 50 or 51 wherein the yS T cell activator is administered in a dose to humans 
between 10 tig/kg to 1 mg/kg- 

1 5 55. The use of any one of the above claims, furflier con^iising sqiarately administering to a 

subject in need thereof an effective amount of a y5T activator and an interleuldn-2 polypq>tide. 

56. The use of claun 55, wherein the iHterleu]dnr2 polypeptide is administered over a period of 
time conq)rised betweai 1 and 10 days. 

20 

57. The use of a y5 T cell activator and an interleukin-2 polypeptide, for the manufecture of a 
pharmaceutical conq)osition for regulating the activity of y5 T cells in a mammaUan subject, the 
y5 T ceU activator and interleukin-2 polyp^tide bang administered separately to the subject and 
the interleukin-2 polypeptide is administered over a praiod of time comprised between 1 and 10 

25 days. 

58. A method for stimulating a yS T cell in a subject, comprising sq)arately administering to a 
subject in need thereof an effective amount of a yST activator and an interleukin-2 polypeptide, 
wherein the interleukin-2 polypeptide is administered over a period of time conq«ised between 1 

30 and 10 days. 

59. A method of treating a cancer, an infectious disease, an autoimmune disease or an allergic 
disease in a subject, comprising separately administering to a subject in need thereof an efBective 
amount of a y6T activator and an interleukin-2 polypeptide, wherein the interleukin-2 polyp<q>tide 

35 is administered ovar a period of time conq>rised between 1 and 1 0 days. 
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60. The use of any one of the above claims, wherein the interleukin-2 polypeptide is administered 
at low doses. 

61. The use of any one of the above claims, wherein the intraleukin-l polypeptide is administered 
at a daUy dose comprised between 0.2 and 2 MU per day, even more pref-aably between 0.2 and 
1.5 MU, fiaither preferably between 0.2 and 1 MU. 

62. The use of any one of the above claims, wherran the daily dose of interleukin-2 polypeptide is 
administered as a single injection or in two injections. 

63. The use of any one of the above claims, whetrin the y§ T cell activator is administered as a 
single dose at the beginning of the treatment. 

64. Tlie use of any one of the above claims, wherein the y§ T ceU activator is administered as a 

15 single dose at tlie begmning of the treatment and the interleukin-2 polypeptide is administered on at 
least 2 days during within 10 days from said beginning of tiie treatment 

65. The use of any one of tiie above claims, wherein the y§ T ceU activator is a Ugand of the T 
rec^tor of y§ T lymphocytes. 

20 

66. The use of any one of the above claims, wherein the y5. T cell activator is a PED or PHD 
conq)ound and is administered as a single injection at a dose comprised between 10 and 50 mg/kg, 
at tiie beginning of the treatment, and wherein the interleukin-2 polypeptide is administered at a 
daily dose comprised between 0.2 and 2 MU per day over a period of time con^irised between 1 

25 and 10 days. 

67. The use of any one of the preceding claims, wherein the subject is a human subject havmg a 
cancCT, an infectious disease, an auto-immune disease or an allergic disease. 

30 68. The use of a y§ T ceU activator and an interleukinr2 polypeptide, for the manufecture of a 

pharmaceutical conq)osition for treating cancer in a subject, wherdn said synthetic T activator 
and interleukin-2 polypeptide are administered separately to the subject 

69. The use of a y§ T ceU activator and an interleukin-2 polypq>tide, for the manufiacture of a 
35 pharmaceutical conqjosition for treating an infectious disease in a subject, wherein said synthetic 
y5 T activator and intCTleukin-2 polypeptide are administCTcd separately to the subject. 
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70. The use of a y§ T cell activator and an interIeukin-2 polypeptide, for flie manu&cture of a 
pharmaceutical composition for treating an autoimmune disease in a subject, wh^ein said synthetic 
y§ T activator and interleuldn-2 polypeptide are administered separately to the subject. 

5 

71 . The use of a y§ T cell activator and an interleukm-2 polypeptide, for the manufacture of a 
pharmaceutical composition for treating a disease caused by or associated with pathological cells 
sensitive to lysis by y§ T cells in a subject, wherein said synthetic y§ T activator and interleukin-2 
polypeptide are administered sqparately to the subject. 

10 

72. A product comprising a y§ T ceU activator and an interleuldn-2 polypeptide, for separate use, 
for regulating the activity of yS T cells in a mammalian subject. 

73. The use of an y§ T activator for the manufacture of a pharmaceutical preparation for the 
1 5 treatment of a solid tumor, comprising adiuixing said y§ T activator with a phaimaceutically 

acceptable carrier. 

74. The use of a y§ T cell activator and an interleuldn-2 polypeptide, for the manufecture of a 
phaimaceutical conq>osition for regulating the activity of y§ T cells in a mammalian subject, the 

20 y§ T cell activator and uiterleukin-2 polypq)tide being administered separately to the subject. 

75. The use of any one of the above claims where the y§ T cell activator is administered by 
intravenous infusion. 

25 76. The use of any one of the above claims wherein each infusion takes place during about 5 to 
about 120 min. 

77. The use of any one of the above claims wherein each infusion takes place during about 5 to 
about 30 min.. 

30 

78. A pharmaceutical conq)osition containing a therapeutically effective amount of CHDMAPP as 
an active ingredient, together with a pharmaceutically acceptable carrier. 

79. A pharmaceutical composition containing a therapeutically effective amount of CBrHPP as an 
3 5 active ingredient, together with a pharmaceutically acceptable carrier. 
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Compositions and methods for regulating an immune response in a subject 

The present invention relates to compositions an methods for regulating an immune response in a 
subject, particularly to treat a subject with a tumor, notably a soUd tumor, or an infectious disease.. 
Disclosed are methods of regulating the innate immunity in a subject, such as by regulating the 
activity of y5 T cells in a subject. Disclosed are conabinations of particular agents, such as a 
cytokine and a yS T cell activator, particular administration regimens and dosages can produce a 
remaikable expansion of yS T cells in vivo and a remarkable increase m a subject's immune 
defense. The invention can be used for therapeutic purposes, to produce, regulate or fedUtate an 
immune Tcspoose in a subject 
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Primate y& ceU number fold increase in response to increasing doses of Phosphosti 
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FIG 8 

Serum cytoWne (INFy and TNFa) production in Phosphostim treated primates 
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HDMAPP dose response : %gd 
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In vivo tumor development 
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In vivo BrHPP stimiaation and gdT cell prolifaration 



10 



15 



20 



Reconstitution of NOD SCID with human PBL stimulated by BrHPP 

(Mean and SD of 4 animals) 



100 
90 
80 
70 

positive®^ 
oel!s 

50 



40 
30 
20 
10 



DO 











D6 D9 
Days after engraftement 



D20 



Human CDS 
cells (among 
cells 

lab proportion 
human CDS 
cell- 

Igd proportion 
liuman CDS 

cell- 



C.T/tR n 3 / 0 S 3 / a 



18/20 



FIG 17 



0» 

a. 30 



In vivo BrHPP stimulation and gdT ceU proUferation 



IP phenotype; Nod/Scid-786-O 




D21 



07 

Days after MNC engraftment and BrHPP treatment 









□ ab 



19/20 



PCT/\B 0 3/06 



FIG 18 

Long-tenn anti-tumoral activity 




0 



20/20 



v.T/lBO 3 / 0 6 3 7 5 



FIG 19 

Gamma delta anti-tumoral activity 
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